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INTRODUCTION 
FLAVONOIDS J 
Geisman et al (1952) have applied the term flavonoid 
to embrace all compounds whose structure is based on C,-C^-
C, skeleton. The flavonoids include, chaleones, dihydro-
chalcones, aurones, flavones, flavanones, isoflavones, 
flavonols, & flavanonols. 
Flavonoids are widely distributed in plants as water 
soluble glycosides. E. Wollenweber and Volker H.Dietz have 
2 3 
reviewed that out of 2000 flavonoids reported only 462 
were, found in free state and most of them from the family 
Astroceae. The family Leguminosae produces mostly 
flavonols while in Rutaceae flavones and flavonol are found 
in abundance with remarkable number of methylated flavonoids. 
In woody plants heart woods are rich sources of 
flavonoids eg. Pinus (many dihydroflavonols and C-methylated 
compounds); Prunus (Flavanones and chalcones); in Leguminosae 
like Acacia (flavonols, chalcones), Apuleia (flavonols), 
Robinia and others. Bud excretions eg. populus Sp. and 
external deposits on plant leaves eg. farina on Gymnogramnoid 
ferns are also remarkable source of free flavonoids. 
The structure and features of flavonoids considered 
to be of importance in biological function are (i) the 
presence of an extended conjugated resonating system with a 
carbonyl chromophore (ii) the presence of aromatic hydroxy 
groups which lead to the ability of flavonoids to interact 
with certain enz5mie systems, and (iii) the molecular shape 
which is responsible for their physiological activities due 
to their similarity in structure to the animal harmones. 
The biological functions of this group of compounds 
in man and animal was first suggested by Bents'ath, Rusznyak 
and Szent-Gybrgyi in 1936^^'^ who reported that the flavo-
noids present in the citrus peel were effective in preventing 
capillary bleeding and fragility associated with scurvy & 
termed vitamin P. The term vitamin P' included certain 
mixtures of flavones and flavonone glycosides widely 
distributed in many fruits; these were first isolated from 
paprika and lemon (citrus). The term 'citrin' was used for 
the flavonoid mixture from lemon which was later shown to 
consist of hesperidin, eriodictin and quercitrin. A review 
of the numerous communications in this area which appeared 
in 1968 established that flavonoids containing free hydro-
xyls at 3,3',4' positions exert beneficial physiological 
effects [gossypetin being highly active] on capillaries 
through the following ways: (a) chelate formation with 
metals, thereby inhibiting oxidation of ascorbic acid, 
(b) protection of epinephrine by inhibiting oxidation of 
the 0-methyl transferose enzyme, which is said to be respon-
sible for maintaining capillaries in satisfactory condition 
and (c) stimulation of the pituitary-adrenal axis. 
The action of natural flavonoids on heart was demons-
trated as early as 1936. The unsubstituted parent compound, 
flavone, exerts coronary dilatory activity and is commerci-
ally available under the name 'Chromocor'; its combination 
with rutin and isoquercetin is also a commercial preparation 
under the name 'Flavo Ce', useful in the treatment of 
arteriosclerosis. 
Several studies on the antiinflammatory activity in 
flavonoid have been conducted. A stable pharmaceutical 
composition consisting of neomycin and a topical antiinfl-
ammatory flavonoid in a suitable carrier has been patented 
Q 
for the treatment of acne . Another patent was taken on 
xanthorhamnin as an antiinflammatory agent. It was isolated 
from seeds of Rhamnus infectoria and recommended for use in 
opthalmology, particularly for topical treatment of collyria 
and in rheumatoid conditions. 
The diuretic effect of myricetin, morin and kaempferol 
in rabbits was observed as early as 1931; the potency incr-
9 
eased with increasing number of hydroxyl groups . Flavonoidal 
glycosides eg. quercitrin, rutin, kaempferol-3-rhamnoglucoside 
and myricetin, luteolin, also were found to exhibit diuretic 
,. ., 10 
activity 
Spasmolytic effects of 30 flavonoids were studied on 
rat small intestine previously treated with BaCl^ as 
spasmogen . As a rule, the highest activity was shown by 
aglycones; the activity increased with increasing number 
of hydroxyl groups. They were most active if the hydroxyls 
were in positions 7 and 4' in flavones; 3,7 and 4' in 
flavonols; 4 and 4' in chalcones; and 7 in flavonones. In 
glycosides, the spasmolytic activity also depended on the 
12 position and nature of moiety . In a patent, luteolin 
(5,7,3',4'-tetrahydroxy flavone) is characterized as a 
nontoxic compound with hypochloretic and spasmolytic 
. . 13 
activity 
The antiabacterial activity of many naturally occuring 
flavonoids was determined and quercetin was shown to compl-
etely inhibit the growth of staphylococcus aureus at a 
14 
concentration of 0.1 mg/ml . Fisetin completely inhibited 
S. albus at a concentration of lOug/ml and S. aureus at 
4 0 ug/ml =in liquid broth media. Thus, the antibacterial 
effect of fisetin was abolished when the double bond between 
C-2 and C-3 or the OH group on C-5 was removed chlorofl-
avonin is the first chlorine containing flavonoid type 
antifungal antibiotic reported to be produced by strain of 
Asperigillus candidus . Several flavonoids were found to 
exhibit prophylactic action against fixed rabies virus in 
mice. Of these quercetin and quercitrin showed significant 
and rutin promising activities . Quercetin was viricidal 
at a concentration of 100 ug/ml to human and procine strains 
of herpesvirus and parainfluenze virus, as measured by 
subsequent infectivity in human cell lines [He La cells]. 
Several flavonoids have been found to be moderately 
active against laboratory cultures of malignant cells. 
18 
Eupatin, eupatoretin centaureidin and 6-demethoxy 
19 
centaureidin are moderately effective against carcinoma 
of nasopharynx (KB). An antitumorgenic flavonone isolated 
20 from the roots of Sophora Sp. has been patented . The 
effects of flavonoids have been claimed in the treatment 
of radiation disease ,as goiterogenic ' and antiulcer 
The flavonoids are of commercial interest as antioxi-
dant for fats and oils ' . The antioxidant properties 
have been studied. Robinetin and Gossypetin v^ ere claimed 
as the most potent and of economic importance in the tanning 
of leather, the fermentation of tea, the manufacture of 
cocoa and in the flavours qualities of good stuff 26a,b 
The flavonoids are 0,^ - phenolic compounds in which 
two benzene rings (A= & B) are linked by propane bridge in 
3 2 the fashion A-C -C -C-B(I) except in isoflavonoids & 
neoflavonoids which the arrangements are in the form of 
A-C-^-C^-C-^(lI) and A-C^ -C^ -C-*-(IID respectively. 
B B 
(I) (II) 
(III) 
The basic skeleton pat terns of the larges t group of 
the flavonoids depends upon the various levels of sa tura-
t ion and oxidation of 1-Benzo-pyran which occurs when the 
cyc l i sa t ion takes place between the thi rd carbon of the 
chain on OH of the r ing A ortho to th i s chain. 
Chroman 2H Chromene 4H Chromene 
4H Chromanone Chromone 
A-chromanone substituted by an aryl ring at C-2 gives rise 
flavanones and dihyroflavonols and similar substitution of 
chromone by aryl ring at C-2 leads to flavones and flavonols 
Together these constitute the flavonoids groups of natural 
products. When the chroman nucleus is substituted by aryl 
ring at C-2, it leads to the 'flavanoid group' which is less 
commonly found in nature as compared to the flavonoids. 
The first flavone to be isolated in the pure form was 
chrysin (IV) from the buds of the North American Populus 
monilefera balsamifera. 
OH 0 
(IV) 
Later studies on plant colouring matter led to the isolation, 
structure elucidation and synthesis of large number of 
flavonoids. In these compounds the level of oxidation varies 
in the C- bridge between two benzene rings. It is lowest 
in catechins (Flavan-3-ols) (V) to the highest in flavonols 
(VI). Flavones, anthocyanidins and aurones, inspite of 
their vastly different structures have the same level of 
oxidation. (Table I) . 
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(V) (VI) 
27 
It has also been asserted that the minimum state of oxida-
tion (A-CH^-CH^-CHOH-B) corresponding to the flavanoids of 
the structure <.VII) are unknown in nature. 
(VII) 
In majority of flavonoids the r ing A is e i t he r meta-dihydro-
xylated (resorcinol type) or meta tr ihydroxylated (phloro-
glucinol type) . Except for chalcones eg. buteins (VIII ) , one 
of the hydroxyls of r ing A i s combined in an oxygen hetrocycle 
of five (IX) or s ix (X,XI,XII) atoms. 
Ring B i s monohydroxylated (XI), orthodihydroxylated 
11 
(VI I I , IX ,X) , or v i c - t r i h y d r o x y l a t e d (XI I ) . In a d d i t i o n the 
d i f f e r e n t - OH groups may be methylated or g l y c o s y l a t e d . 
)H 
C = C H r.J/ ^ -OH 
(VIII) (IX) 
(X ) (XI) 
(XII) 
12 
FLAVONES 
The f l a v o n e s a r e d e r i v a t i v e of f l a v o n e ( 2 - p h e n y l - 4 - c h r o m o n e ) 
i n wh ich p o s i t i o n 3 r e m a i n s u n s u b s t i t u t e d ( X I I I ) . The p a r e n t 
u n s u b s t i t u t e d f l a v o n e i s of r a r e o c c u r a n c e has been i s o l a t e d 
28 from t h e f a r i n a on s p e c i e s of P r i m u l a and D i o n y s i s 
. 3 
(XIII) 
In f lavones the s u b s t i t u t i o n l i ke hydroxy, methoxy, 
C-methyl, C-preny l , a d d i t i o n a l r i n g s and g lycos ides format-
ion are ve ry common. Methylene-dioxy group i s a l so found. 
Hydroxy/Methoxy Flavones : 
I t was found t h a t in hydroxy/methoxy f lavones the 
p o s i t i o n 5 and 7 a re hydroxyla ted and f r equen t ly one or more 
of p o s i t i o n 3 ' , 4 ' and 5 ' methylated. Position 5,7 and 4' are generally 
unmethyala ted , b u t 3' and 5 are o f t en methyla ted 29 
13 
Mono to penta hydroxy flavones and their methyl ethers 
are reported but no hexa, or heptahydroxy flavone has been 
isolated though methyl ethers of 5,7,8,2',3',4' and 5,6,7, 
3',4'-hexa flavone and 5,6,7,8,3',4',5' hepta hydroxy 
flavone are known 
Among the most common members Apigenin (XlVa) and 
Luteolin (XlVb) free or as glycosides, have widely distri-
bution in angiosperms while Tricin (XIVc) is common in 
1 31 grasses only 
R_ R^ 
a- Apigenin H H 
b- Luteolin OH H 
c- Tricin OCH^ OCH« 
d- Trie itin OH OH 
(XIV) 
2'Hydroxy flavone and 5,2'-dihydroxy flavone have been 
detected in the secretion of the glandular cells of Primula 
32 
floridae flower. The flavones with vie-trihydroxy substi-
tution pattern eg. 5,7,3',4',5' penta hydroxy flavone 
31 tricetin (XlVd) has been isolated from Lathyrus pratensis 
Some new flavones characterized from natural sources during 
last few years are presented in Table-2. 
14 
Table - 2 
S.No. 
1. 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
12 . 
1 3 . 
14 . 
1 5 . 
16 . 
17 . 
18 . 
1 9 . 
OH 
5 
5 
7 
5 .6 
5 . 6 , 4 ' 
5 .6 
5 .7 
5.7 
5 . 7 , 3 ' 
5 , 7 . 4 ' 
5 . 7 , 3 ' 
5 . 7 . 2 ' 
5 , 7 , 2 ' 
5 . 2 ' 
5 , 2 ' , 5 
5 . 7 , 2 ' 
5 , 6 ' 
5 . 7 . 3 ' 
N i l 
S u b s t i t u e n t s 
. 4 ' 
1 
. 5 ' 
6 ' 
0CH3 
7 , 4 ' 
6 , 7 . 3 ; 4 ' 
5 .8 
7 , 8 . 4 ' 
7 . 3 ' I 
7 . 3 ' . 4 ' J 
8 , 2 ' 
8 . 4 ' 
5 ' . 5 ' 
6 , 3 ' i 
I 
6 I 
8 . 6 ' 
6 i 
i 
6 . 7 . 8 1 
6 , 7 . 8 
8 , 6 ' 
6 .7 ,2 ;3 ;4 ' 
8 , 2 ' 
P l a n t Source 
S a l i v a v e s b e n a c a L. 
Mentha p i p e r t i a v a r . Kuben^aya 
S c u t e l l a r i a r i v u l a r i s 
Thymus p i p e r e l l a 
Thymbra s p i e a t a 
S c u t e l l a r i a r i v i l a r i s 
G a l e o p s i s a n g u s t i f o l i a 
Pao hyecu 
A r t e m i s i a a d a m s i i 
Scute l la r ia baicalensis georgi 
- do -
- do -
- do -
B r i c k e l l i a v e r o n i c a e f o l i a 
S c u t e l l a r i a r e h d e r i a n a 
5,6.7,3J4. '5 ' Bauhina chanpionii i Benth 
Refe rence 
(33) 
(34) 
(35) 
(36) 
(37) 
(35) 
(38) 
(39) 
(30) 
(41) 
(42) 
(41) 
(42) 
(43) 
(44) 
(45) 
15 
Hydroxy flavones and their methyl and methylenedioxy ether: 
46 Linderoflavone A and B are very well known example 
of this class containing methylene dioxy group 5,7-(OH)^-6, 
8-(OMe)2-3',4' - O2CH2 and 5,6,7.8 (OMe)^-3',4' - O2CH2 
respectively. Two new flavone of this group have recently 
been isolated 5,6,7,5' (OCH^),-3',4' -methylene dioxy flavone 
(XV) and 5,7,5' (OCH^)3-3 ' ,4 ' -methylene dioxy flavone (XVI) 
45 from Bauhinia championii 
CH30 
CH3O 
OCH-
OCH3 
(XV) 
CH-,0 
(XVI) 
16 
C-Methyl Flavones : 
Very few members of C-methyl f lavones have been found 
as n a t u r a l p r o d u c t s . In t h i s c l a s s methyl group i s d i r e c t l y 
l inked wi th carbon atom of the f lavones eg. s t roboch rys in 
(6-methyl chrys in ) (XVII) which was i s o l a t e d from the h e a r t 
wood of Pinus s t robus and o t h e r spec ie s of pinus 
5 ,7 .d ihydroxy 6,methyl flavone 
(XVII) 
C-Prenyl f lavones : 
In t h i s c l a s s C-Prenyl group i s l inked wi th f lavone . 
Prenyl i s used as e q u i v a l e n t to T f - d i m e t h y l a l l y l (Me2C=CH-
CH^) and i sopreno id as a more genera l term for a group 
der ived from i soprene or modified group eg. Ar toca rpes in 
(XVIIl) and oxyd ihydroa r toca rpes in (XIX) were i s o l a t e d from 
the heart-wood of Artocarpus - h e t r o p h y l l u s 
(XVIII) (XIX) 
17 
Isoprene modified group containing compounds have recently 
49 been isolated from the aerial parts of Achyrocline flaceida and 
pods of Tephrosia falvinervis elucidated as 4' hydroxy-5-metho-
xy-7 (3-methyl 2-3-epoxy butoxy) flavone (XX) fulvinervin B(XXI) 
respectively. 
(XX) 
(XXI) 
0. 0 \ H' Flavones with Additional Ring System : 
A-Benzofuran derivative : The parent furanoflavone. Lanceolatin 
B (XXII a) was isolated from Tephrosia lanceolata Grab . Pinnatin 
(XXIIb) and gamatin (3'4' methylene dioxy pinnatin) XXIII occurs 
52 in the root of Pongamia pinnata . 
18 
OCH3 0 
(XXII) (XXIII) 
(a) R=H 
(b) R=0CH2 
Arthraxin : Arthraxin (XXIV) along with its 7-glucoside was 
53 54 isolated from Arthraxon hispidus ' which is derived from 
-<, 
Luteolin by the attachment of three acetate un i t s (CH^CO-
CHoCO-CH^O-) and subsequent reduction hydroxylation and 
cyc l i sa t ion . 
Alkaloids : The f i r s t flavonoidal a lka lo ids , f icine (XXV) 
along with i t s minor 6-isomer, i sof ic ine were isola ted from 
Ficus Pantoniana 
OH HO 
(XXV) 
19 
FLAVONOLS 
F l a v o n o l s a r e s imp ly f l a v o n e s which b e a r an -OH group 
a t p o s i t i o n 3 . T h i s i s t h e o n l y n o n - p h e n o l i c h y d r o x y l 
g roup i n t h e m o l e c u l e which a l o n g w i t h o t h e r p o s i t i o n may 
be m e t h o x y l a t e d o r g l y c o s y l a t e d t h e i r s k e l e t a l s t r u c t u r e i s 
(XXVI). 
(XXVI) 
Flavonols are unbiquitous in woody angiosperms, appear 
less frequently in harbaceus angiosperms and are exceptional 
in lower plants. In lower plants chloroflavonin (XXVII) was 
isolated from a strain of the fungus Aspergillus candidus 
H3CO 
(XXVII) 
20 
Among the flavonols of higher plants, kaempferol (XXVIIIa) 
and quercetin (XXVIIIb) free or as glycoside, have most wide 
distribution, less frequently is myricetin (XXVIII,c) and 
comparatively rarer is galangin (XXXVIII d). Together they 
form the fundamental structural types from which all the 
natural flavonols may be considered to be derived 
R, Ro R. 
a- Kaempferol 
b- Quercetin 
c- Myricetin 
d- Galangin 
J2 
H 
OH 
OH 
H 
e- Isorhamnet in OCH, 
_2 
OH 
OH 
OH 
H 
OH 
_I3 
H 
H 
OH 
H 
H 
From monohydroxy to heptahydroxy d e r i v a t i v e s are repor ted 
Glycosy la t ion and m e t h y l a t i o n i s a l so common. The b e s t known 
0-methyl d e r i v a t i v e of common occurance i s Isorhamnetin ' 
((XXXVIIIe) 3,5 dimethoxy(XXIX) and 3,7 dimethoxy 5 ,4 ' 
dihydroxy - f lavone (XXX) have r e c e n t l y been i s o l a t e d from 
L i n a r i a dalmalica^O 
(XXX) 
21 
F l a v o n o l s e n c o u n t e r a number o f e x c e p t i o n a l s t r u c t u r e s such 
as : 
6-Hydroxy f l a v o n o l 3 , 5 , 7 t r i h y d r o x y - 6 , 3 ' , 4 ' t r i m e t h o x y 
f l a v o n e (XXXI) a new f l a v o n o i d of t h i s g roup has r e c e n t l y 
fi 1 been i s o l a t e d from A r n i c a C h a m i s s o n i s 
OCH-
OCH-
(XXXI) 
8-hydroxy f l a v o n o l - G n a p h a t i i n 5 , 7 - d i h y d r o x y - 3 , 8 - d i m e t h o x y -
62 flavone (XXXII) was isolated from Gnaphalium Optusifotium . 
OCH r ^ ^ ^ 
(XXXII) 
22 
6,8-dihydroxy f l avonol : Er ios temin 3 , 8 , dihydroxy 5 , 6 , 7 , 4 ' 
te tramethoxy f lavone (XXXIII) has been i s o l a t e d from 
Eriostemon h i s p i d u l u s and E. b u x i f o l i u s sub. sp . b u x i f o l i u s 63 
H3CO 
OCH3 
(XXXIII) 
2 ' - h y d r o x y f l a v o n o l : A p u l e i d i n which i s 5 , 2 ' , 3 ' t r i h y d r o x y -
3 , 7 , 4 ' t r i m e t h o x y f l a v o n e (XXXIV) has b e e n i s o l a t e d from 
64 A p u l e i a l e i o c a r p a 
s u b s t i t u t i o n . 
I t p o s s e s s e s t h e u n u s u a l 2 ' hydroxy 
(XXXIV) 
23 
5-deoxy f l a v o n o l : A new f l a v o n e of t h i s group 3 , 7 - d i h y d r o x y • 
8-methoxy f l a v o n e (XXXV) ( l a c k of h y d r o x y l group a t p o s i t i -
on 5) h a s r e c e n t l y been i s o l a t e d from Zuecagnia p u n c t a t a 65 
(XXXV) 
7-deoxy f l a v o n o l : G a r d e n i n i s o l a t e d from an e x u d a t e o f 
G a r d e n i n iucida was p roposed the s t r u c t u r e 5 -hydroxy-
3 , 6 , 8 , 3 ' , 4 ' 5 ' - h e x a methoxy f l a v o n e (XXXVI). 
OCH-
OCH' 
OCH-
(XXXVI) 
Ik 
Methylenedioxy f l avono l s - These are inf requent in na tu re 
5 , 3 ' , 4 ' - t r ihydroxy-3-methoxy-6 ,7 methylene-dioxy flavone 
fi 7 has been r epo r t ed in spinach c h l o r o p l a s t 
C-Prenyla ted f l avono l s : Few new f lavonoids of t h i s group 
eg . A s p l e t i n , [ 5 , 7 , 3 ' , 4 ' , 5 ' penta hydroxy-3-(3-methyl bu ty l ) 
68 flavone"! (XXXVII) from Launae a a s p l e n i f o l i a ^ 5 , 7-dihydroxy-3 ' 
- (3-hydroxymethyl b u t y l ) - 3 , 6 , 4 ' t r imethoxy flavone (XXXVIII), 
A l i a r i n , [5 ,7 ,4 t r i h y d r o x y - 3 ' - ( 3 - h y d r o x y methyl b u t y l ) - 3 , 6 -
methoxy f lavonel (XXXIX) from Dodonaea v i s c o s a Linn ' and 
o t h e r i soprene modified group con ta in ing compound 5-hydroxy 
3-8-dimethoxy 7-(3methyl 2-3 epoxy butoxy) flavone (XLi 
from Achyrodine: flaccida have r e c e n t l y been i s o l a t e d . 
OCH3 
(XXXVII) (XXXVIII) 
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(XXXIX) 
A l i a r i n 
(XL) 
Isoprene modified compound 
26 
Flavanone (Dihydroflavone) 
(XLI) 
Flavanones are based upon s t r u c t u r e of 2-phenyl benzopyrano 
A-one (XLI). Flavanones have a c e n t r e of a symmetry a t 
C-2 so t h a t n a t u r a l l y occu r r ing are o f ten o p t i c a l l y a c t i v e . 
Most of the n a t u r a l l y occur r ing f lavanones were l aevo ro -
t a t o r y and thus a l l belong to the same c o n f i g u r a t i o n 
. 71-77 s e r i e s 
Though f a i r l y widely d i s t r i b u t e d they have l e s s common 
occurence than f lavones or f l a v o n o l s . Flavanones have 
f u n g i s t a t i c and wood p r e s e r v a t i v e p r o p e r t i e s . 
Flavanones are c l a s s i f i e d according to B-r ing hydroxy-
l a t i o n p a t t e r n i n t o the fol lowing c a t e g o r i e s . 
Flavanones l ack ing B- r ing OH group : The s imp les t member 
7-hydroxy-f lavanone has been i s o l a t e d from two legumes 
78 79 80 
platymiscium ' and Flemingia 
Four o t h e r compounds of t h i s c l a s s Fa lc i fo rmin [7-
methexy-8-(3-hydroxy-3 methy l -bu t 1-enyl) f lavanone] (XLII) 
81 from Tephrosia - f a l c i f o r m i s ^ 5-hydroxy-7-(3(methyl 2-3 
epoxy butoxy) f lavanone (XLIII) from Achyrocl ine f l a c c i d a , 
27 
6,7 ,2 ,2-di inethyl chromeno-8 "f "T-dimethylal lyl flavanone 
(XLIV) from Lannea a c i d a , Fu lv ine rv in A (XLV) from 
o o 
T e p h r o s i a f u l v i n e r v i s have r e c e n t l y b e e n i s o l a t e d . 
(XLII) 
H-jC 
> X 
(XLV) 
r<:^^ 
(XLIV) 
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Flavanones having one B-rjng hydroxy1 : 
The s imp les t member i s 7 , 4 ' dihydrcxy f lavanone, 
l i q u i r i t i g e n i n (XLVI, R-H) f i r s t i s o l a t e d from Glycyrrh iza 
g l ab ra^^ . 5 , 7 , 4 ' - t r i h y d r o x y f lavanone, (XLVI, R=OH), i s 
the most widely d i s t r i b u t e d member. 
R 
Liquiritigenin H 
Naringenin OH 
(XLVI) 
A new isoprenylated flavanone has recently been isolated 
Q c 
from the l eaves of Azadi rach ta ind iea and c h a r a c t e r i z e d 
as 8 , 3 ' d i - i s o p r e n y l - 5 , 7 - d i h y d r o x y - 4 ' - m e t h o x y flavanone 
(XLVII). 
/;K^0CH3 
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F l a v a n o n e s h a v i n g two B - r i n ^ hydroxy I s : 
7 , 3 ' , 4 ' - T r i h y d r o x y f l a v a n o n e , b u t i n which i s s i m p l e s t 
member has b e e n found i n B u t e a , M a n g i f e r a , Macherium and 
A c a c i a w h i l e 5 , 6 , 7 , 8 , 3 * 4 ' - h e x a methoxy f l a v a n o n e i s one 
among t h e mos t h i g h l y m e t h o x y l a t e d f l a v a n o n e of t h i s c l a s s 
e g . F i l i f o l i n ( 5 , 7 , 3 ' , 4 ' - t e t r a h y d r o x y - 6 - m e t h o x y f l a v a n o n e 
(XLVIII) from F i l i f o l i u m s i b i r i c u m (L) ketam , 5 , 3 - d i h y d -
r o x y - 7 , 8 , 4 ' t r i m e t h o x y f l a v a n o n e ( ILa) and 5 , 3 ' - d i h y d r o x y 
6 , 7 , 4 ' t r i m e t h o x y - f l a v a n o n e ( ILb) from t h e l e a v e s of V i t e x 
87 
negundo , 3 ' - h y d r o x y 5 , 7 , 4 ' - t r i m e t h o x y , 8 -methy l f l a v a n o -
88 
ne(L) from the h e a r t wood of Ad ina c o r d i f o l i a c u d r a f l a v a -
89 
none A(LI) from t h e r o o t b a r k of c u d r a n i a t r i c u s p i d a t a 
have r e c e n t l y b e e n i s o l a t e d 
H3CO 
OCHt 
OH 0 OH 0 
(XLVIII) ( IL) 
a-R-^ = OCH-, R2 = H 
b-R^ = H, R2 = OCH^ 
30 
(L) (LI) 
Flavanone have th ree B-r ing hydroxyl : 
No f lavanones having th ree B-ring hydroxyl group are 
90 known to occur n a t u r a l l y by 1975 . Three flavanone have 
been i s o l a t e d however, which have th ree oxygen in the 
B- r ing , two of which are k e t o n i c (benzoquinones type) from 
91 the members of the cyperaceae 
A new flavanone 7 , 2 ' dimethoxy 4 ' , 5 ' methylene dioxy 
92 from the l eaves of Lannea aceda (Rich) have r e c e n t l y been 
i s o l a t e d and can be l i s t e d i n the same group on the b a s i s 
of t h a t B-r ing have t h r e e oxygen, two of which are methy-
ledene dioxy group form o t h e r one methoxy form. 
H3CO 
H3CO 
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FLAVANONOLS (DIHYDROFIAVQNOLS) 
F l a v a n o n o l s a r e b a s e d upon t h e s t r u c t u r e o f 2 - p h e n y l 
3 - h y d r o x y b e n z o - p y r a n - 4 - o n e s ( L I I I ) 
( L I I I ) 
These a r e c l a s s i f i e d a c c o r d i n g to B - r i n g h y d r o x y l a t i o n 
p a t t e r n i n t o t h e f o l l o w i n g c a t e g o r i e s . 
( a ) D i h y d r o f l a v o n o l s l a c k i n g B - r i n g h y d r o x y l s : The s i m p l e s t 
member 7 -hydroxy d i h y d r o f l a v o n o 1 (LIV, R=R=H) has been 
78 i s o l a t e d from p l a t y m i s c l i \ j m P r a e c o x , p i n o b a n k s i n (LlVa) 
and i t s 6 -C-me thy l d e r i v a t i v e , s t r o b o b a n k s i n ( L I V b ) , a r e 
93 
w i d e l y d i s t r i b u t e d i n p i n u s . 
P i n o b a n k s i n 
S t r o b o b a n k s i n 
R R' 
H OH 
Me OH 
<<^^^^ 
(LIV) 
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D i h y d r o f l a v o n o l s h a v i n g one B - r i n g h y d r o x y l s : 
7 , 4 ' - d i h y d r o x y d i h y d r o f l a v o n o l , Garbanzo l (LV.a) was 
94 f i r s t i s o l a t e d from C i c e r a r i e t i u m . D ihydrokaempfe ro l 
(LV,b) i s one among t h e mos t w i d e l y d i s t r i b u t e d members. 
R 
a) Ga rbanzo l H 
b) D i h y d r o k a e m p f e r o l OH 
'OH 
R 0 (LV) 
D i h y d r o f l a v o n o l s h a v i n g two B - r i n g h y d r o x y l s : 
The mos t common example i s d i h y d r o q u e r c e t i n (LVI, 
R=H,R' =0H) o r t a x i f o l i n , D ihyd romor in (LVI, R=OH,R'=H) 
i s o l a t e d from Morus and Artica:ij 'pus has 5 , 7 , 2 ' , 4 ' t e t r a 
h y d r o x y l a t i o n p a t t e r n . 3 - 0 - a c e t y l padmat in (LVII) from 
95 the a e r i a l p a r t s o f I n u l a v i s c o s a has r e c e n t l y b e e n 
i s o l a t e d . 
OH 0 
H3CO 
^^y^'^^^^^ 0 c oc H 3 
OH 0 
(LVI) (LVII) 
33 
D i h y d r o f l a v o n o l h a v i n g t h r e e B - r i n g h y d r o x y l s : 
D i h y d r o r o b i n e t i n (LVII I ) 7 , 3 ' , 4 ' , 5 ' t e t r a hydroxy 
96 flavoDDnol was f i r s t i s o l a t e d from Robiana p s e u d o a c a c i a 
97 
and l a t e r from A d e n a n t h e r a p a v o n i n a . A new d i h y d r o f l a v o -
n o l , p a l l a s i i was i s o l a t e d from the b a r k of Rhamus 
98 p a l l a s i i and i t s s t r u c t u r e e l u c i d a t e d as 2 , 3 - d i h y d r o m y -
r i c e t i n 4 - 0 - m e t h y l e t h e r ( L I X ) . 
OCH3 
(LIX) 
3A 
CHALCONES AND AURONES 
These are yellow pigments found together in the petals 
99 
of number in the compositea . The yellow colour is to red 
orange, when exposed to ammonia. 
In these compounds the central chain of three carbon 
atoms which unites benzene rings is not in form of an 
oxygen hetrocylic of six atoms. In chalcones eg. butein 
(LX, R=H) and oxanin (LX,R=CH) it is in the form of a 
linear chain i.e. jt, B unsaturated carbonyl system. 
A new chalcone purpurenone (LXI) has recently been 
isolated from Tephrosia purpurea 
0 OH 
(LX) (LXI) 
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Whereas in aurones eg. sulphuretin (LXIIa), aureusidin 
(LXIIb) and Leptosidin (LXlIc), it is in the form of a 
pentacyclic ring. 
R R' 
Sulphuretin 
Aureusidin 
Leptosidin 
H 
OH 
H 
H 
H 
OCH 
(LXII) 
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ISOFLAVONOIDS 
I s o f l a v o n o i d s embrace a l l compounds whose s t r u c t u r e i s 
b a s e d on 3 - p h e n y l 4-chromone ( L X I I I ) . The f i r s t n a t u r a l 
i s o f l a v o n o i d t o b e examined was i r i d i n , a g l u c o s i d e of 
i r i g e n i n (LXIV) which was i s o l a t e d from the rh izomes of I r i s 
„ ^ . 101 
f l o r e n t m a 
(LXII I ) 
I t i s n o t e w o r t h y t h a t mos t l i k e l y s i t e s f o r o x y g e n a t i o n 
i n i s o f l a v o n o i d s a r e a t 4 ,7 and 4 ' , w i t h a somewhat l e s s 
f r e q u e n t o c c u r e n c e a t 5 , 2 ' and 5 ' . S e v e r a l i s o f l a v o n o i d s 
have b e e n i s o l a t e d w h i c h a r e i n a d i f f e r e n t o x i d a t i o n s t a t e 
from t h a t of i s o f l a v o n e s ; t h e y i n c l u d e t h e i s o f l a v a n o n e s 
(LXV), t he coumaranochromans (LXVI) , t h e X - m e t h y l d e o x y b e n -
z o i n a n g o l e n s i a n , (LXVII) and t h e i s o f l a v a n e q u o l (LXVIII) 
(LXV) 
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^^^^:^.-'^OCH. 
(LXVII) (LXVIII) 
5 , 6 , 7 , 4 ' - te t rahydroxy-8-methoxy i sof lavone (LXIX) and 
5 , 6 , 7 , 4 ' - t e t r a h y d r o x y - 3 ' -methoxy i sof lavone (LXX) from 
102 103 
rhizomes of I r i s m e l e s i i ' , 5 , 7 - d i h y d r o x y - 6 , 2 ' - d i m e -
thoxy i so f l avone (LXXI) from rhizomes of I r i s sup r i a 104 
7,2',4' -trihydroxy-3'-methoxy isoflavone (LXXII) from 
Zollernia paraensis have recently been isolated. 
OCH 
HO 
OCH3 
(LXIX) (LXX) 
38 
HO 
(LXXI) (LXXII) 
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FLAVONOIDAL GLYCOSIDES 
F l a v o n o i d s m o s t l y o c c u r i n t h e form of g l y c o s i d e s i n 
n a t u r e . S t r u c t u r a l v a r i a t i o n among t h e s e f l a v o n o i d 
g l y c o s i d e s i s c o n s i d e r a b l e , b o t h i n the n a t u r e of the s u g a r 
r e s i d u e and t h e p o s i t i o n of a t t a c h m e n t t h r o u g h h y d r o x y l 
g roups to t h e f l a v o n o i d n u c l e u s . 
S i x m o n o s a c c h a r i d e s a r e commonly found i n - 0 - g l y c o s i d i c 
c o m b i n a t i o n w i t h f l a v o n o i d s g l u c o s e , g a l a c t o s e , g l u c u r o n i c 
a c i d , x y l o s e , rhamnose , a r a b i n o s e . These m o n o s a c c h a r i d e s 
a r e g e n e r a l l y p r e s e n t i n t h e e x p e c t e d p y r a n o s e form, a l t h o u g h 
o c c a s i o n a l l y t h e l e s s s t a b l e f u r a n o s e forms have been 
r e p o r t e d . G l u c o s e , g a l a c t o s e , g l u c u r o n i c a c i d , x y l o s e a r e 
D - s u g a r s and a r e u s u a l l y B l i n k e d to the a g l y c o n e h y d r o x y l ; 
rhamnose and a r a b i n o s e a r e L - s u g a r s and n o r m a l l y X - l i n k e d . 
The s u g a r m o i e t i e s a r e a l m o s t e x c l u s i v e l y a l d o s e s . The 
p r e s e n c e of a k e t o s e ( e . g . D - f r u c t o s e ) i s q u i t e e x c e p t i o n a l . 
A p i o s e , a b r a n c h e d c h a i n p e n t o s e i s r a r e s u g a r s p e c i a l l y 
a s s o c i a t e d w i t h f l a v o n e s . Two o t h e r m o n o s a c c h a r i d e s newly 
r e p o r t e d a r e mannose and g a l a c t u r o n i c a c i d 
Of t h e d i s a c c h a r i d e s b a s e d on g l u c o s e s o p h r o s e 
( 2 - 0 - p - D - G l u c o s e y l - D - g l u c o s e ) i s u n d o u b t e d l y t h e most common. 
D i s a c c h a r i d e s w i t h two g a l a c t o s e , two a r a b i n o s e o r two 
g l u c u r o n i c a c i d r e s i d u e a r e a l s o known f l a v o n e o r f l a v o n o l 
a t t a c h m e n t s , b u t g e n e r a l such s u g a r s have b e e n l e s s w e l l 
c h a r a c t e r i z e d . The d i s a c c h a r i d e s wh ich c o n t a i n two d i f f e r -
e n t s u g a r s by f a r t h e mos t f r e q u e n t i s r u t i n o s e ( 6 - 0 - / - L -
AO 
Rhainnosyl-D-glucose) . Neohesperidose ( 2-0-X-L-Rhainnosyl-D-
glucose) i s l e s s common. A new isomer of r u t i nose and neo 
hesper idose has been r epor t ed as th*^ kaempferol d e r i v a t i v e 
in f lowers of Rungia r e p e n s . This i s rhamnosyl-«C -1 -3g lucose , 
109 
c a l l e d rungiose by the au thors . Another i n t e r e s t i n g 
u - J ^ - 1 . , . . . 1 1 0 
dxsaccharide of cyanogenic glycoside vicianm 
Trisaccharides derivative of flavonoids have rarely 
been examined in detail, but atleast seven of those 
associated with flavonoids have been fully characterized. 
These are fall into two groups according to whether the 
sugar is linear or branched. 
Linear : 
Gent io t r iose= O-R-Glucosyl-(1—• 6)-O-B-glucosyl-(1—• 6) -g lucose 
Sophorotriose=0-B-Glucosyl-(1—> 2) -B-g lucosy l - (1—* 2) glucose 
Sorborose= G-j^-Glucosyl-(1—>• 6 ) - 0 - / -g lucosy l - (1—» 4) -g lucose 
Rhamninose= 0-Rhamnosyl-(1—* 4)-O-rhamnosyl-(1—» 6 ) - g a l a c t o s e 
Sugar of a la ternin=0-Rhamnosyl-(1—^ 3)-0-rhamnosyl-( 1—^6) 
ga l ac to se 
Branched : 
Q 
2 -Glucosylrutinose=0-JB-Glucosyl-(1—» 2)-0-(( / - rhamnosyl-
(1 —» 6) -glucose 
Q 
3 -Glucosyl neohesperidose=0-B-Glucosyl-(1—» 3)-0-(-^-rham-
nosyl-(l—» 2)-g lucose 
Flavone and Flavanone g l y c o s i d e s : 
In the case of f lavones and f lavonones in which there 
i s no -OH group a t p o s i t i o n 3 , the p r i n c i p a l known g lycos ides 
have a sugar r e s i d u e a t p o s i t i o n 7 (a l though a number of 
5 -g lycos ides a re a l so known) eg. f lavone g l y c o s i d e , L u t e o l i n -
41 
-7-glucoside; (LXXIII) and flavanone glycoside, hesperidin 
(LXXIV), ( - ) -hespere l in 7-B ru t inos ide . Luteolin 7-glucos-
ide i s known to be so wide spread in t he i r occurence that 
t he i r absence from a pa r t i cu la r group of plant i s often more 
s igni f icant than t h e i r presence. 
CH2OH 
HO OH 
(LKXIII) 
0 CH 
OH 
CH3 
HO 0 
(LXXIV) 
S e v e r a l new f l a v o n e and f l a v a n o n e g l y c o s i d e have r e c e n t l y been 
i s o l a t e d which a r e l i s t e d i n t a b l e No. 3 and 4 r e s p e c t i v e l y . 
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F l a v o n o l and F l a v a n o n o l g l y c o s i d e s : 
In t he c a s e o f f l a v o n o l and f l a v a n o n o l g l y c o s i d e s t h e 
s u g a r i s u s u a l l y a t t a c h e d a t p o s i t i o n 3 and the second s u g a r 
r e s i d u e i f p r e s e n t , u s u a l l y o c c u p i e s t he p o s i t i o n 7. G lycosy -
l a t i o n a t p o s i t i o n 5 i s e x t r e m e l y r a r e . Q u e r c e t i n - 3 -
r u t i n o s i d e , R u t i n (LXXV) a f l a v o n o l g l y c o s i d e i s known to be 
so wide s p r e a d i n t h e i r o c c u r e n c e t h a t t h e i r a b s e n c e . 
R u t i n o s e 
(LXXV) 
Some new flavonol glycosides characterized from natural 
sources during last few years are presented in table 5. 
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A new f l a v a n o n o l g l y c o s i d e 3 , 7 - d i h y d r o x y f l a v a n - 4 - O n e -
5 - 0 - B - D - g a l a c t o p y r a n o s y ( 1 - 4 ) - B - D - g l u c o p y r a n o s i d e has been 
124 i s o l a t e d from t h e r o o t of Andanson ia d i g i t a t a 
I s o f l a v o n e , C h a l c o n e , au rone g l y c o s i d e s : 
In i s o f l a v o n e s u s u a l l y t he s u g a r r e s i d u e i s a t t a c h e d 
a t p o s i t i o n 7 . I n c h a l c o n e i t i s commonly a t the c o r r e s -
ponding p o s i t i o n wh ich i s numbered 4 ' , and i n a u r o n e s a l s o 
the c o r r e s p o n d i n g p o s i t i o n which i s numbered 6 , i s t h e one 
most o f t e n o c c u p i e d . 
Three new i s o f l a v o n e g l y c o s i d e s v i z , r e t u s i n 7 - g l u c o -
s i d e , i r i s o l i d o n e 7 - rhamnos ide and 5 , 7 - d i h y d r o x y - 6 - m e t h o x y 
i s o f l a v o n e 7 - rhamnos ide from the h e a r t wood of p t e r o c a r p u s 
1 OQ 
marsupium and a new aurone glycoside viz Leptosidin-6-0-1 
139 pyranosicfe from the leaves of cyperus scariosus have 
recently been i so la t ed . 
C-glycosides 
C-glycosides are rare in d i s t r i b u t i o n . Here the 
sugar residue i s attached through i t ' s carbon atom 1 
with the carbon atom of an aglycone, usually a flavone, 
forming a C-C bond eg. v i t ex in v i z . 8-C-glucosylapigenin, 
and o r i en t i n v i z . 8-C-glucosyl- luteol in . 
STRUCTURE DETERMINATION 
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I s o l a t i o n and i d e n t i f i c a t i o n of f lavonoids : 
For the i s o l a t i o n of f l avono ids , in g e n e r a l , r a p i d l y 
d r i ed and c o a r s e l y powdered p l a n t m a t e r i a l i s e x t r a c t e d 
p r e f e r a b l y f i r s t w i th nonpolar s o l v e n t s followed by methanol , 
e thano l or wa te r . Primary e x t r a c t i o n with aqua d i s t i l l a t a 
i s p r e f e r r ed when i t i s to be followed by l i q u i d - l i q u i d 
e x t r a c t i o n for i n s t a n c e wi th e t h y l a c e t a t e o r d i e t h y l e t h e r , 
before or a f t e r h y d r o l y s i s 
Before chromatographic s e p a r a t i o n the p lan t e x t r a c t 
140 i s p u r i f i e d by v a r i o u s ways l i k e s e q u e n t i a l so lven t 
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e x t r a c t i o n wi th s o l v e n t s of va ry ing p o l a r i t y , p r e c i p i -
t a t ion wi th lead a c e t a t e , cha rcoa l powder t rea tment , 
use of n-propanol /NaCl (wherein the aquous e x t r a c t i s 
mixed v/ith equa l volume of n-propanol and than s a t u r a t e d 
wi th NaCl whence the propanol c o n t a i n i n g g l y c o s i d e s , i s 
s a l t e d out which i s s e p a r a t e d , d r i ed in a c u r r e n t of a i r 
and the r e s i d u e i s d i s so lved in non-aquous so lven t l i k e 
e thano l to remove small amount of NaCl ( p r e s e n t ) e t c . 
S u f f i c i e n t l y pure m a t e r i a l so ob t a ined , i s subjec ted 
, ^ , . ^p l40 ,143 ppl43,144 p . r l ^ ^ ^ m r l ^ S 
to chromatographic CC . P C , GLC , HPLC 
s e p a r a t i o n . 
Among the v a r i o u s methods used for s t r u c t u r e d e t e r m i -
n a t i o n of f l avono ids such as colour r e a c t i o n s , deg rada t ion , 
s y n t h e s i s and spec t roscopy , the l a t e r , p a r t i c u l a r l y , UV, IR, 
NMR and mass s p e c t r o s c o p i e s are of key importance being 
f a s t , handy and a c c u r a t e . 
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(a) Ul t rav io le t spectroscopy 
The UV spectra of flavonoids have been thoroughly 
studied and reviewed by L-Jurd ' and T.J. Mabry 
Flavones and flavonols generally exhibi t high in tens i ty 
absorption in the 300-380rni region (Band I) and 240-270 ™i 
(Band I I ) . The pos i t ion and in tens i ty of the max. of 
each of these var ies with the r e l a t i ve resonance con t r i -
but ion of the benzoyl (LXXVI,a) cinnainoyl (LXXVI,b) and 
pyrone ring (LXXVI,c) groupings to the to ta l resonance of 
the flavone molecule. 
-f-
(LXXVI.a) (LXXVI.b) 
(LXXVI,c) 
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Al though t h e s e g r o u p i n g s i n t e r a c t , the s p e c t r a of 
s u b s t i t u t e d f l a v o n e s and f l a v o n o l s i n t h e n e u t r a l and 
a l k a l i n e s o l u t i o n s u g g e s t t h a t Band I i s a s s o c i a t e d 
c h i e f l y w i t h a b s o r p t i o n i n t he c innamoy l g r o u p i n g s 
(LXXVIjb) and Band I I w i t h a b s o r p t i o n i n t h e b e n z o y l 
149 (LXXVI.a) g r o u p i n g s 
UV s p e c t r a o f Aluminium c o m p l e x - l o c a t i o n of 5 and 3 -
h y d r o x y l g r o u ^ 
5 -Hydroxyf l avone and 5 -hydroxy f l a v o n o l s i n which 
the 3 - h y d r o x y l i s p r o t e c t e d form y e l l o w complexes of t h e 
t y p e (LXXVII) which r e s u l t i n t he c o n s i d e r a b l e s h i f t 
of Band I and I I . I n f l a v o n e t h i s s h i f t i s of t h e o r d e r 
of 20-45 nm. 
(IX(VII) 
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3-Hydroxy flavones readi ly form aluminium complexes 
which are s table even in presence of d i lu te hydrochloric 
acid. As a r e su l t of complex formation, flavonols produce 
a flavylium s t ruc ture (LXXVIII) which i s great ly s t ab i l i s ed 
by i t s quasiaroraatic character . 
+ M + 4-
- H ^ 
-t.O-"-M 
(LXXVIII) 
The bathochromic sh i f t of the flavonol Band I to 
the complex Band I i s cons is ten t ly in the order of 60 nm . 
A sh i f t of t h i s magnitude i s , therefore , r e l i ab l e evidence 
for the presence of a free 3-hydroxyl group. 
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UV Spect ra i n Alcohol ic sodivun a c e t a t e -
l o c a t i o n of 7 ,3 or 4 ' -hydroxy l s^^oup 
Sodium a c e t a t e i s s u f f i c i e n t l y b a s i c to ion ize hydro-
xyl groups loca ted a t p o s i t i o n 7,3 and 4 ' of the flavone 
nuc l eus . Hydroxyls a t o t h e r p o s i t i o n are una f f ec t ed . 
I o n i z a t i o n of 3 and A' i iydroxyls produces bathochromic 
s h i f t s of Band I , b u t does not a f f e c t the p o s i t i o n in A 
r i ng i o n i z a t i o n of a 7-OH group r e s u l t s in a pronounced 
bathochromic s h i f t of t h i s band. Flavones and f l avonols 
which c o n t a i n a f r ee 7-hydroxyl group, may, t h e r e f o r e , be 
de t ec t ed by the 8-20 nm bathochromic s h i f t of the low 
wavelength band on the a d d i t i o n of a l i t t l e fused sodium 
149 
a c e t a t e 
UV s p e c t r a i n sod ium-e thox ide -de t ec t i on of 
a 3 ,4 ' -D i -hyd roxy l grouping in f l avono ls 
149 Jurd and Horowitz found t h a t f l avono ls in which 
the hydroxyl group a t e i t h e r C-3 o r C-4 i s p ro t ec t ed by 
me thy la t ion or g l y c o s i d a t i o n are s t a b l e in sodium e thoxide 
and t h a t t h e i r s t a b i l i t y i s not apprec iab ly inf luenced by 
o t h e r hydroxyl groups i . e . , the long wavelength band 
s h i f t s from 340-380 nm i s e thano l to 380-420 in sodium-
e thoxide . 
UV s p e c t r a i n sodium a c e t a t e and bo r i c ac id -
d e t e c t i o n of 0 -d ihydroxy l groups in f l avonols 
Boric a c i d , i n presence of sodium a c e t a t e forms 
c h e l a t e s w i th phenol ic compound con t a in ing 0-dihydroxyl 
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groups. Thus the max. of Band I in l u t e o l i n undergoes 
bathochromic s h i f t of 15-30 nm on a d d i t i o n of a mixture 
of b o r i c acid and sodium a c e t a t e . The spec t r a of 
compounds which do not c o n t a i n and 0-dihydroxyl groups 
are not ap p rec i ab ly a f fec ted .(LXXtX). 
Boric Acid 
NaoAc 
(LXXIX) 
UV s p e c t r a i n AlCl^ and HCl 
Flavones and f l avono l s c o n t a i n i n g 5 or 3 hydroxy1 
groups form aluminium complexes by c h e l a t i o n of AlCl^ wi th 
0-d ihydroxyl group. The aluminium complex (A) i s not 
s t a b l e in presence of HCl, while aluminium complexes of 
f lavones (B and C) having 3 or 5 hydroxyl groups formed 
by the c h e l a t i o n of A1C1„ wi th ke to 3 or 5 hydroxyl group 
of f l avones , are s t a b l e i n presence of d i l u t e HCl. Hence, 
when s h i f t i s taken wi th AlCl^ on ly , i t r e s u l t s in a 
54 
bathochromic s h i f t bu t when two o r t h r ee drops of HCl 
are added in the sample a hypochromic s h i f t i s observed 
which i n d i c a t e s the presence of 0-dihydroxyl group along 
with hydroxyl groups a t C-5 or C-3 p o s i t i o n of flavone 
nucleus.(LXXX), (LXXXI), (LXXXII). 
0 — M 
(LXXXI) 
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0 — M 0 M 
HCl 
M = Al 
(LXXXII) 
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(b) Infra-red spectroscopy : 
- I / O I R O I Q ' 3 
Infra red spectroscopy of flavonoids ' ' plays 
a great role in d is t inguish ing the c losely re la ted compounds 
and comparing the sample spectra with the reference spectra 
for the purpose of d i f f e r e n t i a t i o n / i d e n t i f i c a t i o n . 
Some observations drawn from IR spectra of flavonoids 
are as follows : 
a) The free OH groups are responsible for the 
absorption in the region of 3,300 cm . When 
they are hydrogen bonded ie are in posi t ion 
3 or 5, the frequency of th is band i s lowered 
to 3100 cm"-^. 
b) Absorption due to CH- group occurs at 2,930 cm 
I t i s often obscured by the absorption due to 
OH groups ( a ) . 
c) Absorption due to CO group of the heterocycle 
occures at 1,685 cm in case of flavanones 
where the carbonyl group i s conjugated with 
the A r ing . This i s lowered to 2,65 0 cm 
in the case if 5-hydroxy flavanones. In the 
case of flavones, the carbonyl group i s conjuga-
ted with both A and B r ings . The absorption 
due to CO group in 5,7-dihydroxyflavone i s 
a t 1,655 cm , and in 7-hydroxyflavones at 
1,63 0 cm . In the case of flavonol, the 
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carbonyl group absorption is lowered about 
30 cm" as compared with that of homologous 
flavone. 
d) Aromatic double bonds absorb between 1,500 
and 1,610 cm , a second peak i s present at 
1,583 cm when the double=bond is conjugated 
with a benzene r ing . 
e) Phenolic hydroxyl groups have a strong absorp-
t ion at about 1,3 60 cm , with a secondary 
peak at 1,200 cm 
f) Due to me ta-hydroxy subs t i tu t ion ( 5 , 7-dihydroxy) 
a peak at 1,165 cm i s found. 
g) I t i s d i f f i c u l t to in t e rp re t e the spectrum 
below 1,000 cm . However at 800 cm , 
absorption due to hydrogen atoms of benzene 
r ings may be observed. 
h) A comparison of the infra red spectra of 
5 hydroxy flavones and 5-hydroxychromones 
with the spectra of t he i r 5-0-alkyl and 5-0 
-acyl de r iva t ives show a sh i f t in the opposite 
d i r e c t i o n , tha t i s to lower frequencies. In 
prac t ice t h i s i s very useful in diagnosing the 
presence of 5-hydroxyflavone s t ruc ture . 
(c) Nuclear magnetic resonance spectroscopy 
The appl ica t ion of nmr spectrscopy has proved to be 
much diagnostic in s t r uc tu r e determination of flavonoids. 
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By the u s e of nmr s t u d i e s of s i l y l d e r i v a t i v e s , d o u b l e 
i r r a d i a t i o n t e c h n i q u e ' , s o l v e n t induced s h i f t 
s t u d i e s " ^ ^ ^ ^ ' 157 ,158^ l a n t h a n i d e induced s h i f t s t u d i e s " ^ ^ ^ , 
^^ ^160 , 13^ ^ 161 
n u c l e a r o v e r h a u s e r e f f e c t , and C-nmr s p e c t r o s c o p y 
t h e s t r u c t u r e may e a s i l y be e s t a b l i s h e d . 
DMSO-d^ i s by f a r the most g e n e r a l l y used s o l v e n t 
f o r u n d e r i v a t i z e d f l a v o n o i d s though C C l , , CDCl^, b e n z e n e 
o r C^D, , p y r i d i n e , D^O o r a m i x t u r e of t h e s e a r e a l s o 
,158 
used' The use of TMS ether derivative of flavonoids 
with CCl, as solvent has achieved widespread importance 162 
The most commonly occuring hydroxylation pattern in 
natural flavanoids is 4', 5,7-trihydroxy system (LXXXIII). 
The chemical shifts of the protons of ring A and ring B 
prove to be independent of each other but are affected by 
the nature of ring C. 
(LXXXIII) 
RING A 
The two r i n g - A p r o t o n s of f l a v a n o i d s w i t h 5 ,7-
h y d r o x y l a t i o n p a t t e r n g i v e r i s e to two d o u b l e t ( J=2 .5H ) 
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between "r 3.3-4.0 from te t ramethyl -s i lane . There are 
however small but predictable va r i a t i on in the chemical 
sh i f t s of the C-6 and C-8 proton s ignals depending on the 
5- and 7 -subs t i tuen t s . In flavanones the 6,8 protons 
give a s ignal peak near T 4.05, with the addition of a 
3-hydroxyl group (flavanonols) the chemical sh i f t s of 
these protons are s l i g h t l y a l tered and the pat tern changes 
to a very strongly coupled pair of doublets . The presence 
of double bond in r ing C of flavones and flavonols causes 
a marked downfield sh i f t of these peaks, again producing 
the two doublet pa t t e rn . Out of 6 and 8 protons, the 
l a t t e r appears downfield. 
RING B 
All B-ring protons appear around ^ 2 .3-3.3 a region 
separate from the usual A-ring protons. The signals from 
the aromatic protons of an unsubst i tu ted B-ring in a 
flavanone appear as a broad peak centred at about ^ 2 . 5 5 . 
In flavones, the presence of C-ring double bond causes a 
sh i f t of the 2 ' , 6 ' protons and the spectrum shows two 
broad peaks one centred at T 2.00 ( 2 ' , 6 ' ) and the other 
at T 2.4 (3 ' , 4 ' .S')"^^"^. 
With the int roduct ion of a 4'-hydroxyl group the 
B-ring protons appear e f fec t ive ly as a four peak pattern 
cal led as Ar,B^ pa t t e rn . Introduction of one more subs t i tu -
ent to r ing B gives the normal ABC pa t t e rn . The hydroxyl 
group increases the shielding on the adjacent 3 ' , 5 ' protons 
and the i r peaks move subs tan t i a l ly upf ie ld . The 2,6 ' pro-
tons of flavanones give s ignals centred at about ^ 2 . 6 5 . 
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RING C 
Considerable v a r i a t i o n s are g e n e r a l l y found for the 
chemical s h i f t s of the C-r ing pro tons among the s e v e r a l 
f lavonoid c l a s s e s . For example, the C3 proton in f lavones 
g ives a s h a r t s i n g l e t nea r 'TTS .? . The C„ proton of 
i so f l avones i s normally observed a t a b o u t T 2 . 3 whi le the 
C„ pro ton in f lavanones i s s p l i t by C^ protons in to a 
double t of doub le t (J . =5H , J. =11H ^ and occurs 
CIS z t r a n s z; 
near ^ 4 . 8 . The two C„ pro tons occur as two q u a r t e r s 
Ho o,=17H ) nea r T 7 .0 . However they o f ten appear as 3 a - 3 b z J I r 
two doub le t s s ince two s i g n a l s of each q u a r t e t are of low 
i n t e n s i t y . The C^ pro ton i s d ihydrof lavono l s appears near 
T 5.1 as a doub le t ( J = l l H ) coupled to the C-3 pro ton 
1 ft"? 
which comes a t about 5.8 as d o u b l e t s . 
Benzens induced s h i f t s 
When the nmr s p e c t r a are measured f i r s t i n CDC1„ and 
1 t o 
then in benzene i t has been observed t h a t the s i z e of 
benzene-induced s h i f t ( ^ ^ ) of c e r t a i n methoxyl s i g n a l s i s 
i n d i c a t i v e of the p o s i t i o n of methoxyl group on the flavone 
nucleus as p resen ted i n t a b l e - 6 . 
TABLE -6 
va lue s ( CDC1-- ^ ^ ^ A p . p . n i - ) ( i n absence of orthosubstitution 
Methoxyl a t C-3 
C-5 
C-7 
C-2' 
C-A' 
-0 .07 
+ 0.A3 
+ 0.54 
+0.46 
+ 0.54 
t o 
to 
to 
to 
to 
+0.34 ppm 
+0.58 ppm 
+0.76 ppm 
+0.53 ppm 
+0.71 ppm 
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16A I t has f u r t h e r b e e n o b s e r v e d t h a t by the a d d i t i o n 
of t r i f l u o r o a c e t i c a c i d ( T . F . A . ) to benzene i n c r e a s e s t h e 
a s s o c i a t i o n of benzene w i t h more b a s i c me thoxy l g roups e g . 
the v e r y s m a l l benzene induced s h i f t s of t h e m e t h o x y l s g i v e n 
be low were o b s e r v e d as : 
S h i f t s ( SC H, - ^C^H^ + TFA) of + 0 .18 to + 0.34 ppm 
i n t he s i g n a l s o f C - 5 , C - 7 , C - 2 ' and C - 4 ' m e t h o x y l g roups 
f l a n k e d by two oxygen s u b s t i t u e n t s ; + 0-26 ppm f o r an 8 -
me thoxy l i n t he p r e s e n c e of a m e t h o x y l a t C-7 and + 0 . 3 4 ppm 
f o r a 5 - m e t h o ^ l f l a n k e d by a m e t h o x y l a t C-6 . 
The p r o b l e m o f s o l u b i l i t y of n a t u r a l l y o c c u r i n g f l a v -
o n o i d s (when n o t m e t h y l a t e d ) i n s o l v e n t s has l a r g e l y b e e n 
15 8 
overcome by t h e u s e of t r i m e t h y l s i l y l e t h e r s (TMS-e thers ) 
Us ing t h e s e d e r i v a t i v e s , benzene induced s h i f t s of b o t h 
m e t h o x y l and the TMS-ether s i g n a l s may be o b s e r v e d g i v i n g 
s i m u l t a n e o u s i n f o r m a t i o n abou t m e t h o x y l and h y d r o x y l 
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s u b s t i t u t i o n i n t h e f l a v o n o i d as has b e e n shown i n T a b l e - 7 
TABLE 
l v a l u e s ( SCCL,- SC,D^) f o r m e t h o x y l s i g n a l s i n t h e 
s p e c t r a of f l a v o n e TMS-ether d e r i v a t i v e s 
Methoxyl a t C - 3 ; 4 ' 
2 ' , 7 + 0 .35 
C - 3 , 6 , 8 0 .00 
TMS-ether a t C-5 0 .14 
C - 3 . 6 , 7 , 8 , 
2 , 3 ' , 4 ' - 0 . 05 
G l y c o s y l 0 .00 
to 
to 
to 
to 
to 
+ 
+ 
-
+ 
+ 
0. 
0. 
0. 
0. 
0. 
.70 
.18 
.20 
.12 
.10 
ppm 
ppm 
ppm 
ppm 
ppm 
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Benzene i n d u c e d s h i f t d a t a have e x t e n s i v e l y been u s e d 
f o r t h e s t r u c t u r e d e t e r m i n a t i o n ' ~ of f l a v o n e s , 
f l a v a n s , f l a v o n o l s and b i f l a v o n o i d s . 
d) Mass s p e c t r o m e t r y 
I n s t e a d of a t t e m p t i n g a p a n z e r o f c h e m i c a l r e a c t i o n s 
to c o n c l u d e a s t r u c t u r e i t i s much c o n v i v i a l t h a t even the 
e l u t i o n of a s i n g l e s p o t from TLC fo l l owed by m i c r o d e r i v a t -
i z a t i o n (and remova l o f e x c e s s o f r e a g e n t ) y i e l d s a r e s i d u e 
s u i t a b l e f o r mass s p e c t r o m e t r y . 
There a r e much d a t a on e l e c t r o n impac t mass s p e c t r o m e t r y 
of f l a v o n o i d s and t h e i r f r a g m e n t a t i o n . The mass s p e c t r a l 
f r a g m e n t a t i o n s f o l l o w known p a t h w a y s . R o u t i n e methods have 
been d e v e l o p e d f o r t h e a n a l y s i s o f f l a v o n o i d g l y c o s i d e s and 
a g l y c o n e s i n t h e form of t h e i r p e r m e t h y l and p e r d e u t e r o m e t h y l 
^, 168-171 „ . , , , ^ . 172 ^ . 1 . . . ^ . 173 
e t h e r s . F i e l d - d e s o r p t i o n , f i e l d - i o n i s a t i o n , 
c h e m i c a l i o n i s a t i o n mass s p e c t r o m e t r y and FDMS-pyro lys i s 
( p y r o l y s i s o f compounds d i r e c t l y on t h e e m i t t e r s u r f a c e i n 
mass s p e c t r o m e t e r ) have p r o v e n to be s u p p l e m e n t a l s t r u c t u r a l 
t o o l s i n t he s t u d y . 
A l l t he f l a v o n o i d s a r e d e r i v a t i v e s of 2 -pheny lch roman 
(LXXXIV). 
(LXXXIV) 
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and are divided into different classes due to the differential 
level of oxidation of central heterocycle ring (ring C). This 
C-ring is the weak link in C,c chain and it is this ring which 
fragments first under the electron impact in mass spectrometry. 
In general, all the flavonoids are capable of undergoing RDA 
fission with and without hydrogen transfer (ie. RDA + H and 
A) Conjugated flavonoids 
In conjugated flavonoids ring A, B and C are conjugated 
with one another. They include flavones, isoflavones, 
flavonols, isoflavonols,, flavylium compounds and flavenes. 
Flavones and flavone glycosides: 
Flavones are fully conjugated and do not posses sites 
for facile bond rupture. This is evidenced by the strong 
molecular ion peak of the simple members of this class. 
177 + 
'Flavone (LXXXV) itself has the M as the base peak and 
undergoes RDA fission to give ions at m/e 120 and m/e 102 
respectively (scheme 1). 
The ion (LXXXV,a) which originate from ring A is far 
more abundant than ion (LXXXV,b) originating from ring B. 
The other fragments of importance are ion (LXXXV,c) at m/e 
194 which arises from the loss of CO from the molecular 
ion; and ion (LXXXV, d) at m/e 92 arising from the loss of 
CO from RDA ion (LXXXV,a). 
In oxygenated flavones, conversely, the B ring fragment 
may have as high abundance as 65%. Flavones having a 
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methoxyl or hydroxyl group at C-6 position shows an "atypical" 
179 
behaviour differing from normal RDA fission. Generally these 
compounds have a pronounced molecular ion which ejected radicals 
(H,CH- or Et) from several of the oxygen substituents to form 
stable cations eg. for a typical quercetagetin derivative (LXXXVI) 
the fragmentation given in scheme-2 ensues. Quite often these 
cations constitute the base peak. 
18 0 In glycosides in general (0-glycosides the base peak 
correspond to the basic flavone structure after the thermal loss 
of sugar unit. 
SCHEME - 1 
-h 
(LXXXV) M 222(100.0) 
•CO .-^^^ 
0 CH 
(a) m/e 120(80.0) (b) m/e 102 (12.0) 
C^rO 
(c) m/e 194 (52.0) (d) m/e 92 (43.0) 
SCHEME - 2 
(LXXXCI) M 388 (100.0) 
OH 0 
CO m/e 373(85.0) 
OMe 
OMe 
m/e 345 (15.0) 
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Isof lavones : 
These compounds a l so undergo RDA f i s s i o n to give the 
peaks cor responding to ions (LXXXVIIa) and (LXXXII,b). The 
i n t e n s i t y of these peaks i s s t r o n g l y inf luenced by s u b s t i t u -
t i o n p a t t e r n of the aromatic r i n g s . In c o n t r a c t wi th t h e 
f l avones , the i so f l avones show ( i ) only a weak (M-28) peak 
and ( i i ) have ve ry prominent doubly charged molecule eg. 
181 f ragmentat ion of 5 ,7 -d ihydroxyisof lavone (LXXXVII) shown 
T O O 1 Q T 
in scheme 3. Certain workers ' observed (M-1) as being 
the base peak in isoflavone and 7-methoxyisoflavone. 
-CO 
M 254(95.0) 
(LXXXVII) 
m/e 226 
Very Weak 
M m/e 127 
(10.0) 
RDA 
CH 
11 
C 
-V 
(b) m/e 102 (10.0) 
(a) m/e 152 (61.0) 
m/e 124 (17.0) 
SCHEME - 3 
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Flavonols : 
Flavonols being flavones having C-3-0H group show 
analogous fragmentation pattern. Subsequent fragmentation 
results in certain variation eg. fragmentation of quercetin 
(LXXXVIII) 5,7, 3',4'-tetrahydroxylflavonol, has been shown 
in scheme-4. Here the first step is thought to involve 
rearrangement to the diketo structure, which then undergoes 
(RDA+H) fragmentation to yield peak (LXXXVIIIa) at m/e 153. 
The ion (LXXXVIII,b) at m/e 137 emanating from ring B is 
not found in flavones. 
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OH 0 
(LXXXVIII) 
M"^302 (100.0) 
HO 
RDA+H 
N^^^'N^^ 
OH 
M 
0 
m/e 153 (14.0) 
SCHEME -4 
OH 0 
,,^;^-V-OH 
OH 0 
m/e 137 (17.0) 
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Compounds bearing mechoxyl substituent in the C-3 position 
with an alkoxy group at C-6 e.g. triethyl oxyayanin B 
(LXXXIX) show an intense peak at (M-alkyl). If the alkoxy 
group is replaced by an- OH group eg. oxyayanin B (XC) an 
179 
abundant (M-1) mass peak (66%) is found 
A methoxyl group is position C-3 shows a= characteristic 
mode of breakdown by the concerted loss of an acetyl rad-
ical"^  ''^ ' •'•^^ (Me + CO = 43) from the molecular ion eg. (XC.a) 
in the scheme-5. 
MeO 
EtO 
OMe 
EtO 
(LXXXIX) 
MeO 
(XC) 
SCHEME - 5 
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Considering the mass s p e c t r a of a number of compounds 
fol lowing conc lus ions may be drawn. 
a) (M-OH) : Loss of 17 mass u n i t s occurs for 2'-OH 
group. 
b) (M-H): i n f l avono l s which c o n t a i n free - OH group 
a t C-3 o r C-6 p o s i t i o n , the l o s s of hydrogen from 
molecular ion occurs forming an s t a b l e quinonoid i on . 
The same l o s s occurs i n f lavone methyl e t h e r s which 
have an -OMe group a t e i t h e r C-3 o r C-5 p o s i t i o n s . I f 
a C-6 o r C-8 methoxy group i s a l so p re sen t (M-CH„) 
peak comple te ly overshadows the (M-1) peak. 
c) (M-OCHo): Loss of 43 mass u n i t s has been observed 
in 6- o r 8-methoxyflavones. With regard to the l o s s 
of COCHo i t can be concluded t h a t an i n t e n s e (M-43) 
peak i s d i a g n o s t i c for 3 , 6 , or 8 s u b s t i t u t e d f lavones 
(weak peak, i n c o n c l u s i v e ) . 
d) (Aroyl c a t i o n ) : This fragment ion i s formed from 
r i n g B to which i s a t t ached a ke to group from r ing C. 
The p o s s i b l e mass numbers a t which t h i s may occur are 
a t M/e 105,135,165 o r 195 from B r i ng con ta in ing 
0 ,1 ,2 St 3 methoxyl groups r e s p e c t i v e l y . The s u b s t i -
t u t i o n in B r i n g may thus be deduced. 
For every a c e t y l group l o s s of ake tene , COCH^  (42 mass 
u n i t s ) from the pehnol ic ac toxy l s o c c u r s . This provides a 
simple method for e s t i m a t i n g the number of hydroxyl groups 
and d i f f e r e n t i a t i n g between aromatic and a l i p h a t i c hydroxyls . 
The l o s s of CH-CO (43 mass u n i t s ) i s g e n e r a l l y a s s o c i a t e d 
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with an aliphatic acetyl derivative. 
e) (M-CH^) : 19 m.u. loss occurs only in flavones 
having methoxyl groups in both the C-3 and C-5 position. 
B) Reduced Flavonoids 
In reduced flavonoids heterocyclic ring C is no more 
aromatic and hence the -OH group attached hereto are also 
typically aliphatic. The loss of aromaticity yields a ring 
which is more susceptible to fragmentation by electron 
bombordment therefore RDA and (RDA+H) fissions assume more 
important propertions and the intensity of molecular ion 
peak is greatly reduced. 
Flavanones : In flavanones eg. 5,7-dihydroxy flavanone (XCI) 
the major decomposition mode is RDA fission to give ions^ *' 
(XCIa) and XCIb) at m/e 152 and m/e 104 respectively. Most 
of the charge is retained by the more highly hydroxylated 
ring A. Ion (XCIa) may further lose CO to give peak (XCI,c) 
at m/e 12A. 
A further characteristic fragmentation is the fission 
of the bond to the heterocycle oxygen possibly because of 
nonaromatic ring C. Loss of H yields the peak (XCI,d) at 
m/e (M-1) and the loss of phenyl radical gives ion (XCI e) 
at m/e 179. This peak at m/e 179 is of high intensity. This 
fragmentation has been shown in scheme-6. 
In 4' methoxyflavanone (RDA+H) peak is more pronounced 
and nearly entire charge of RDA fission resides with B ring 
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which b e a r s t h e m e t h o x y l g r o u p . When b o t h A & B r i n g s b e a r 
the m e t h o x y l g roup ( e g . i n 5 - h y d r o x y - 7 , 4 ' d i m e t h o x y f l a v a n o n e ) 
1 Q C 
the c h a r g e a g a i n r e s i d e s a l m o s t e n t i r e l y w i t h t h e B r i n g 
The i o n (XCI ,b) i n c r e a s e s w i t h i n c r e a s i n g s u b s t i t u t i o n i n 
r i n g B. 
I n a c e t y l f l a v a n o n e s , i o n (M-ace ty l ) f r agmen t s a n a l o g o u s 
t o 5 , 7 - d i h y d r o x y f l a v a n o n e (XCI, scheme - 6) , a f t e r t h e i n i t i a l 
l o s s of a c e t y l g r o u p . 
I n 2 ' hydroxy f l a v a n o n e s , a l o n g w i t h t h e normal f r a g -
m e n t a t i o n p a t t e r n , a b a s e peak a t (M-18) and t h e t h i r d 
186 l a r g e s t peak a t (M-19) i s o b s e r v e d 
The f l a v a n o n e s show a n o t a b l e l a c k of a f ragment a r i s -
ing from the h e t e r o c y c l i c r i n g p r i o r to t h e f i s s i o n . 
3 - H y d r o x y f l a v a n o n e s ( d i h y d r o f l a v o n o l s ) : In t h i s c l a s s t h e 
c h a r a c t e r o f h e t e r o c y c l i c r i n g i s somewhere be tween a 
f l a v a n o n e and a f l a v o n o l . T h e r e f o r e t h e mass spec t rum 
d i f f e r s from b o t h i n many r e s p e c t s . The two b a s i c modes of 
f r a g m e n t a t i o n o f d i h y d r o k a e m p f e r o l t r i m e t h y l e t h e r ( X C I I ) , 
t h e mos t common member of t h e c l a s s , a r e shown i n s c h e m e - 7 . 
I n RDA and RDA+H f i s s i o n s , t h e p r e s e n c e of a h y d r o x y l 
g r o u p s i n t h e p a r e n t compound makes p o s s i b l e t h e l o s s of a 
formyl r a d i c a l (CHO) from i o n (XCII , b ) to g i v e i o n (XCII . c ) 
a t m/e 121 . 
The second mode y i e l d s i o n ( X C I I , a ) a t m/e 301 t h r o u g h 
l o s s of CHO from t h e p a r e n t i o n . Ion (XCII , d) t h e n g ives 
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ion (XCII.e) at m/e 193 through ejection of anisole. 
For (RDA + H) fragmentation to give peak ion (XCII.a) 
at m/e 181 the hydrogen atom involved is probably transferred 
187 from C-3 hydroxyl group as the compounds acetylated in 
this position do not give an (RDA+H) peak at m/e 181. 
Another important mode of breakdown for most of the 
dihydroflavonols is the loss of 29 mass unit from the 
molecular ion peak (ion (XCII,d) in scheme 7). 
1 8R 
It has been suggested that this key fragment occurs 
by the loss of (R-CO) radical where R is the substituent 
other than hydroxyl, at C-3 eg. (XCIII, scheme 8). 
. . ^ ^ ^ 
(XCl)M 256(100) 
(a) m/e 152(47) (b) m/e 124(25) 
CX 
^ . 
OH 0 
I-co 
.OH 
m/e 124(25) m/e 153(16) 
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r^^ 
H 
HO- •0 ' 
^ 
OH OH 
(d) m/e 255 ( 7 0 . 0 ) 
OH 0 
(XCI) M ' ' ' 256 ( 1 0 0 . 0 ) 
- 6 ^ . HO 
HO OH 
(e) m/e 179 ( 5 2 . 0 ) 
SCHEME - 6 
MeO 
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-CHO 
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.OMe 
MeO 
(XCll) M 330(3.0) 
MeO 
OMe 
m/e 193(16.0) 
SCHEME - 7 
OMe 
(XCIII) M''"(29.0) m 
0-H 
/e 211 (100.0) 
SCHEME - 8 
DISCUSSION 
Ik 
CORONOPUS DIDYMUS 
STUDY OF THE WHOLE PLANT OF CORONOPUS DIDYMUS (N.O. CRUCIFERAE) 
Coronopus didymus is commonly known as 'Jangli hala' or 
'panacholi'. It is a prostrate or an ascending, branching 
leafy, rather hispid herb often forming a rosette. Leaves 
pinnatifid or pinnati-partite; lobes spreading. Flowers 
pale green, small, sometimes apetalous, diandrous, pods 
1x2 mm; separating into 2; indeshiscent, reticulate lobes. 
Seeds about 1x1 mm, brown. 
It is a winter season weed, highly variable in its 
size and appearance, found in fields and open places on 
moist sandy soil. It is abundantly available in winter and 
is rare in summer and early rainy season. The plants that 
189 
survive till early summer become somewhat woody 
A survey of literature showed that its seeds contain 
190 191 
volatile isothiocyanate ' (benzyl isothiocyanate, 
192 benzyl cyanide), fatty acids (Palmitic acid, oleic acid, 
linoleic, linolenic acids). Leaves on preliminary exam-
ination have been reported to give positive tests for 
194 flavonoids and alkaloids only . However, no systematic 
and detailed work seems to have been done on these consti-
tuents and hence the present studies were undertaken 
The plant material was collected from the I.H.M.M.R. 
campus and dried under shade. The dried material was 
exhaustively extracted with 95% ethanol. Recovery of 
solvent left a greenish viscous mass, which was treated with 
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petroleum ether (60-80°C) and CHC1„ inorder to remove petrol 
and chloroform soluble products. The residue was extracted 
five times with solvent ether. All the ethereal extracts 
were combined together. Recovery of ether left a brown 
semisolid mass which gave a pink colour with Mg-HCl and a 
green colour with ferric chloride and an intense yellow 
colour on exposure to ammonia vapours. All these tests 
indicated the presence of flavonoids. The brown semi solid 
mass on crystallization with methanol gave a yellow crysta-
lline compound m.p. "> 330, which on T.L.C. examination gave 
a single brown spot under U.V. light. On acetylation with 
pyridine and acetic anhydride it gave a colourless acetyl 
derivative m.p. 220-21°C. 
The U.V. Spectrum of the parent compound m.p. > 330°C 
showed two maxima at 268 nm (band II) and 344 nm (band I) 
with an inflexion around 295 nm. Addition of sodium acetate 
shifted band II to 276 nm, thus suggesting free 7-OH group. 
In NaOAc/HoBO„, the spectriim reverted to the parent compound 
spectrum in having the maxima at 269 and 347 nm, thus 
suggesting the absence of any catecholic group. 
Addition of A1C1„ replaced band I with a double maxima 
at 360 and 388 nm, thus suggesting the presence of a free 
5-OH group. Addition of HCl to AlCl- containing solution did 
not produce any drastic change which also supported the 
absence of catechol system. The above data led to the con-
clusion that the compound is a 5,7 - dihydroxy flavonoid 
which does not have free catechol unit in the side phenyl. 
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However, the possibility of protected catecholic system is 
not ruled out. 
The N.M.R. Spectrum of the above acetate showed a 
singlet for two acetoxyls at S 2.5 and another singlet for 
the third acetoxyl at%2.6. There was a methoxyl singlet 
at^A.O. In the aromatic region the H-3 appeared as a 
singlet at ^ 6.7 and H-6 appeared as a doublet (J=2H ) at 
^6.95. The remaining protons namely H-8, H-2', 6',5' all 
appeared as a multiplet between S7.3- $>7.6. Thus the 
compound appears to be a monomethyl ether of tetrahydroxy 
flavonoid. The presence of H-6 appearing as a meta coupled 
doublet indicated that the compound carries 5,7 - dioxy-
genation. The chemical shifts of the H-6 and H-8 are more 
closely resembling 5-7 - diacetoxy flavonoids rather thafl 
5- acetoxy, 7- methoxy systems. Hence it appears that 
the methoxyl group is present in the side phenyl. The 
probable structure could be luteolin 3'-methyl ether 
(Chrysoeriol) or 4' methyl ether (Diosmetin). 
A comparison of physical data of chrysoeriol (5,7,4'-
trihydroxy 3'-methoxy flavone) with this compound confirmed 
it to be chrysoeriol which has the following structure. 
OCH-
CHRYSOERIOL 
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A further study to the above findings was obtained by 
the mass spectral studies (Chart I). In the mass spectrum, 
the molecular ion peak was observed at m/e 300 suggesting 
the mol formula C, ^ H-,20^ - Loss of CO from the molecular ion 
peak typical of flavonoids was observed in this case leading 
to a peak at m/e 27 2. The RDA fragmentation gave two peaks 
at m/e 152 originating from ring A and at m/e 148 originating 
from ring B. These suggest that the compound must be carrying 
two hydroxyls in ring A and one hydroxyl and one methoxyl in 
ring B. Consistent with these inferences the substituted 
benzoyl ion originating from ring B was observed at m/e 151. 
These studies also led to the conclusion that this compound 
is chrysoeriol. 
CHRYSOERIOL 
m/e 152 
m/e 148 
DODONAEA VISCOSA 
STUDY OF THE FLOWERS OF DODONAEA VISCOSA FAMILY SAPINOACEAE 
Dodonaea Viscosa is commonly known as 'Aliar'. It 
is considered to be an important drug in the indigenous 
195 
system of treatment and its leaves are used as febrifuge 
and sudorific and have been used for the treatment of gout, 
rheumatism, healing of wounds, burns and swellings. The 
bark of the plant is used in astringent baths and fomentat-
ions. The whole plant has been mentioned to have fish poison 
196 properties . Its leaves have recently been found to 
possess hypoglycemic activity 
A survey of the literature showed that its leaves, 
flowers bark and seeds have been chemically examined by 
1 197-204 
various workers 
As this plant is quite interesting and of value in 
indigenous medicine, it was considered worthwhile to 
re-examine this plant more systematically. And in an 
effort in this direction, a re-examination of its flowers 
was undertaken. 
In the present study the fresh flowers of p_^  Viscosa 
were collected which is grown as a hedge in the I.H.M.M.R. 
campus. The flowers were extracted with ethanol (95%). 
Recovery of the solvent left a brown syrupy mass. Which 
was extracted with petroleum ether (60-80°C), chloroform, 
acetone and MeOH, successively. The acetone fraction gave 
a pink colour with Mg/HCl indicating the presence of 
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flavonoids. This fraction was dissolved in water and filtered, 
The filtrate was subjected to acid hydrolysis. A blackish 
solid separated out, which was filtered washed with water and 
dried. It was then exhaustively extracted with ether. The 
ethereal concentrate was subjected to column chromatography 
on silica gel-G. The fraction eluted with Benzene and ethyl 
acetate mixture (4:1) on T.L.C. examination showed two brown 
spots (Rf 0.61 and 0.63) under U.V. light. This mixture was 
separated by preparative T.L.C. on silica gel-G plates into 
two pure fraction. The pure compounds so separated were 
labelled as 'A' (m.p. 305-306°C)and 'B' (m.p. 313-314°C). 
The compound 'A' on acetylation with pyridine/acetic anhy-
dride gave an acetyl derivative m.p. 202-203°C. 
• * 
Characterisation of Compound A (m.p. 305-306°C) 
The compound 'A' was obtained as yellow solid, m.p. 
305-306°C. It gave a positive ferric colour reaction and a 
pink colour with Mg/HCl characteristic of flavonoids. 
The UV spectrum of the compound showed two maxima at 
255.2 ran (Band II) and 37 3.2 nm (Band I) with two inflexions 
at 267.38 nm and 326.75 nm. Addition of sodium acetate 
shifted Band II to 274.5 nm thus suggesting free 7-OH group. 
In NaOAc/H«BO^ the spectrum shifted to the parent compound 
spectrum in having the maxima at 254.4 nm and 371.2 nm, thus 
suggesting the absence of any catecholic group. 
Addition of A1C1„ shifted band I to 429 nm. This 
suggested the presence of a free hydroxyl group at the 5 
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position. The location of band I at 373.2 nm suggested that 
there is an -OH group at 3 position also. Addition of HCl 
to AlCl^ containing solution did not produce any drastic 
change which also supported our findings. 
The above data suggested hydroxyl groups at 3,5,7 and 
4' positions. The position of band I at 373.2 nm is also 
indicative of the presence of 3 and 4' -hydroxyl group. 
Comparison of the spectral data with those of kaemp-
ferol and isorhamnetin which have the above hydroxylation 
pattern suggested that the present compound is not kaempferol 
but may be isorhamnetin. 
Further, proof for its identity as isorhamnetin was 
obtained by N.M.R. spectral studies. The N.M.R. spectrum 
of the compound showed one methoxyl group as a singlet at 
^3.80 and two meta coupled 1- proton doublets at <^ 6.2 and 
86.3 for H-6 and H-8 of the A ring. Further downfield 
there was a doublet for 1-proton at ^ 7.0 (J = 9H ) a two 
proton multiplet centred atS7.75. These can be assigned 
to H-5' and H-2', 6' respectively. These data are consistent 
with the compound being monomethyl ether of quercetin i.e. 
isorhamnetin. 
A further support to this compound, being isorhamnetin, 
was obtained by mass spectral studies. The mass spectrum 
(Chart II) showed the molecular ion peak at m/e 316 consis-
tent with the molecular formula C, ^ H-, 2O-7. There was a peak 
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at m/e 288 for a loss of CO from the molecular ion as is 
normally observed in the mass spectra of flavonoids. There 
was also a peak of low abundance corresponding to M-15 
arising by loss of a methyl possibly from methoxyl group. 
A T.L.C. comparison of the compound with an authentic sample 
205 
of isorhamnetin established its identify as isorhamnetin. 
14-
ISORHAMNETIN 
m/e 273 
CHART 
Characterisation of compound 'B' (m.p. 313-314°C) 
The compound 'B' also gave a positive ferric colour 
reaction and pink colour with Mg/HCl characteristic of the 
flavonoids. 
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The U.V. spectrum showed two maxima at 256 nm (Band II) 
and 374.2 nm (Band I) with an inflexion at 325 nm. By adding 
sodium acetate, band II shifted to 272.5 nm, thus suggesting 
the presence of a hydroxyl group at 7-position. In NaOAc/H«BO« 
the band I showed a bathochromic shift of 12 nm, suggesting 
the presence of a catecholic unit in the side phenyl. 
Addition of A1C1„ shifted band I to 446.2 nm. This 
suggested the presence of an -OH group at 5-position. The 
location of band I at 374.2 nm suggested the presence of an 
OH group at 3-position also. Addition of HCl to A1C1« brought 
the long-wave length maxima (Band I) to 42 4 nm. This is 
known in the case of catecholic systems in which the corres-
ponding boric acid complex breaks down with HCl. Thus the 
compound appears to contain hydroxyls at 3,5,7,3", 4' systems. 
Comparison with the spectral data and the shape of the spectra 
with those of quercetin led to the conclusion that the 
compound is quercetin. Further proof for its identity as 
quercetin was obtained by mass spectral analysis. 
In the mass spectrum it showed the following RDA 
fragmentation pattern which was characteristic for quercetin 
(chart-Ill). Mass ion peak was at M 302 and the peak at m/e 
274 was for ion (a) the peak at m/e 152 was for ion (b) and 
the peak at m/e 137 was for ion (c). These data accounted 
for the structure of the compound as quercetin. 
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QUERCETIN 
OH 
HO 0 
M"*" m/e 302 
-CO 
HO. 
-V OH 
OH r 
OH 
0 0+ 
(a ) m/e 274 (b) m/e 152 (c) m/e 137 
CHART - I I I 
EXPERIMENTAL 
CORONOPUS DIDYMUS 
STUDY OF THE WHOLE PLANT OF CORONOPUS DIDYMUS (N.O. CRUCIFERAE) 
Shade dried whole plant material (1 Kg) in coarsely powdered form 
was exhaustively extracted with ethanol (95%). Recovery of 
solvent left a viscous greenish mass (150 gms), which was treat-
ed successively with petroleum ether (60-80°C) and CHCl^ under 
boiling conditions in order to remove petrol and chloroform 
soluble products. The petrol and chloroform insoluble residue 
(80 gms) was extracted with ether five times. All the ethereal 
extracts were combined together. Recovery of ether left a 
brown semi solid proudct (10 gms) which gave a pink colour 
with Mg/HCl, a green colour with ferric chloride and an intense 
yellow colour on exposure to ammonia vapours. On several 
crystallisations with methanol it gave a yellow microfine 
crystalline compound m.p. "^  330°C. On T.L.C. examination it 
showed a single brown spot under U.V. light. 
ACETYLATION : 
The above compound (100 mg) was dissolved in pyridine 
(3 ml) and acetic anhydride (1.5 ml) was added to it. The 
contents were left overnight at room temperature and then 
poured dropwise into cold water with constant stirring. A 
precipitate separated out, which was filtered, washed with 
a large quantity of water in order to remove acetic acid and 
pyridine and dried. On crystallization from methanol it gave 
a colourless compound (75 mg.) m.p. 220-21°C. It was T.L.C. 
pure in T:E:F and B:P:F solvent system. 
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SPECTRAL DATA 
UV (MeOH) 
MeOH 
268, 295 (inf.) , 344 nm 
max 
NaOAc 
-7o, 29S (inr.) 344 nm 
max 
NaOAc/Boric Acid 
269, 295 (inf. ) , 347 nm 
max 
AlCl^ 
max 
vAlCl^/HCl 
max 
268, 295 (inf.), 360, 388 nm, 
268, 295 (inf.) , 360, 388 nm, 
NMR (CDClj) 
<^  2.5(s), 2.6(s), 4.0(s), 6.7(s) , 6 . 95 (d^  J = 2H^ ) 
7.3 - 7.6 (m) 
MASS 
(m/e) 300 (M '*') 111, 152, 151, 148, 124 
On the basis of its physical constants it was identified 
as chrysoeriol. 
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DODONAEA VISCOSA 
STUDY OF THE FLOWERS OF DODONAEA VISCOSA FAMILY SAPINOACEAE 
EXTRACTION 
The fresh flowers of Dodonaea Viscosa (900 gms) were 
collected from I.H.M.M.R. campus and exhaustively extracted 
with ethanol (95%) several times. All the ethanolic extracts 
were combined together and the solvent recovered under reduced 
pressure. The concentrate (65 gms) was successively extracted 
with petroleum ether (60-80°C), chloroform, acetone and metha-
nol. The acetone extract gave a pink colour with Mg/HCl 
indicating the presence of flavonoids. Acetone was distilled 
off and the residue left was taken up in water. It was filt-
ered to give-water soluble and water insoluble fraction. 
WATER SOLUBLE FRACTION 
The filtrate was subjected to acid hydrolysis with 4% 
v/v con. H„SO,. A blackish precipitate (3.0 gm) was obtained 
which was filtered washed with water several times till free 
from acid and dried. It was exhaustively extracted with ether. 
Recovery of ether gave a residue consisting of crude aglycone 
(1.5 gm). 
ISOLATION OF PURE AGLYCONES 
The above crude aglycones(1.5 gms) was subjected to 
column chromatography on silica gel-G and the column was 
eluted with benzene - ethyl acetate mixture (4:1) 5 00 ml. It 
was evaporated to dryness to give a residue (800 mg) and 
examined on T.L.C. silica gel-G plates in T:E.F.' solvent system. 
Under U.V, light, it showed two brown spots (Rf. 0.61 and 0.63). 
This mixture was separated by preparative T.L.C. on silica 
gel-G plates using T.E.F. as the solvent system. About one 
hundred silica gel-G plates (size 20 cm x 20 cm) were run. 
The two bands were carefully separated from plates, and eluted 
with methanol. Methanol was recovered and the two fractions 
obtained in this way were crystallised from methanol to give 
two different compounds m.p. 305-306°C (30 mg) marked as 'A' 
and m.p. 313-14°C (15 mg) marked as 'B'. The compound 'A' was 
identified on the basis of U.V. NMR and mass spectral data as 
isorhamnetin. Its final identity was confirmed through m.m.p. 
and CO T.L.C. alongwith an authentic sample of isorhamnetin. 
ACETYLATION OF 'Ac! 
The compound 'A; (25 mg) was dissolved in pyridine 0.5 ml 
and acetic anhydride (0.3 ml) was added to it. The contents were 
left over night and then poured drop wise into ice cold water 
with constant stirring, when a precipitate was obtained. It was 
filtered washed with a large quantity of water in order to 
remove acetic acid and pyridine and dried. On crystallization 
from methanol it gave a colourless crystalline compound (17 mg) 
m.p. 202-203. 
SPECTRAL DATA 
UV (MeOH) 
MeOH 255.2, 267.38 (inf.), 
max 326.75(inf.) 373.2 nm. 
NaOAc 
274.5, 326.75 (Inf.) 373.2 nm 
max 
NaOAc/Boric Acid 
max 
AlCl^ 
254.4, 267.38(inf.) 326.75(inf.), 
371.2 run. 
255.2, 267.38(inf.), 326.75(inf.) 
max 429 nm 
AlCl^/HCl 
255.2, 267.38(inf.). 326.75(inf.) 
max 429 nm. 
NMR (CDCl^) 
"^3.80(S), 6.2(d), 6.3(d), 7.0(d, J = 9H^) , 7.75(m) 
MASS 
m/e), 316 (M"*"), 288, 273 
IDENTIFICATION OF 'B 
The compound 'B' was identified on the basis of U.V. and 
mass spectral data as quercetin. Further identity was 
established by m.m.p and Co T.L.C. alongwith an authentic 
sample of quercetin. 
Due to paucity of material its acetyl derivative could not 
be prepared. 
SPECTRAL DATA 
U.V.(MeOH) 
89 
MeOH 
256, 325(inf.), 374.2 nm 
max 
NaOAc 
272.5, 325(inf.), 374.2 nm 
max 
NaOAc/Boric Acid 
256, 325 (inf.), 386.2 nm 
max 
AlCl^ 
256, 325(inf.) 446.2 nm 
max 
AlCl^/HCl 
256, 325 (inf.) 424 nm 
max 
MASS 
(m/e) 302 (M"*") , 274, 152, 137 
REFERENCES 
90 
R E F E R E N C E S 
1. Geissman, T , A . , and H i n r e i n e r , E . , ( 1 9 5 2 ) : Bot . 
Rev. L 8 : l . 
2 . Wo11en Weber, E . , and D i e t z , V . H . , ( 1 9 8 1 ) : P h y t o c h e m i s t r y , 
2 0 ( 5 ) : 869-932 
3 . H a r b o r n e , J . B . , (198 0) : i n Secondary p l a n t p r o d u c t , 
E n c y l . P l a n t . P h y s i o l . N . S . Vo l . 8 ( e d . B e l l , E.A. , 
and Char twood , B . V . , S p r i n g e r B e r l i n . 
4 . a Rusznyak , S t . , and S z e n t - G y o r g y i , A . , N a t u r e , 138: 
2 7 ( 1 9 3 6 ) . 
b B e n t s a t h , A . , Rusznyak, S t . , and S z e n t - G y o r g y i , A . , 
N a t u r e , j ^ : 7 9 8 ( 1 9 3 6 ) . 
5 . DeEds, F . , Comprehens ive b i o c h e m i s t r y . V o l . 2 ^ , e d i t e d 
by M. F l o r h i n and E.H. S t a t z ( E l s e v i e r , Amsterdam) 
( 1 9 6 8 ) , 127 . 
6. J eney -Cz immer , A . , A r c h . e x p . p a t h . p h a r m . , 1 9 1 , ( 1 9 3 6 ) , 
407 . 
7. Gabor , M. , The a n t i i n f l a m m a t o r y a c t i o n of f l a v o n o i d s 
(Akademia i K i a d o , B u d a p e s t ) , ( 1 9 7 2 ) . 
8 . Upjohn , C o . , (by M. W r u b l e ) , B r . P a t . L O , 5 4 , 124 , 
(CI . A 6 I K ) , 4 J a n . ( 1 9 6 7 ) ; Chem. A b s t r . , ^ ( 1 9 6 7 ) , 
68947 . 
9. K o i k e , H . , F o l i a , P h a r m a c o l . J a p a n , 12. ( 1 9 3 1 ) , 89 . 
10 . Horhammer, L . , and Wagner, H . , D e u t s c h Apoth Z t g . 
102 ( 1 9 6 2 ) , 7 5 9 . 
1 1 . P e t e r , H . , Ther I n v e s t P h a r m a c o l . Soc . P h a r a c o l . 
Hungary , V o l . ^ e d i t e d by B.Dumbovich, (1968) , 
177 (Akad Kaido B u d a p e s t ) , Chem. A b s t r . , T2 ( 1 9 7 0 ) , 
11142 . 
12. K h a e l z h a i , Y . I . , O b o l e n t s e v a , G.V. , L i t v i n e n k o , V . I . 
and M a k s y u t i n a , N . P . , F i z i o l A k t i v e V e s c h e s t v a Akad. 
Nauk Ukr . SSR Respub , Mezhvedom Sb. , ( 1 9 6 8 ) , 3 ; 
Chem. A b s t r . , ^ ( 1 9 6 7 ) , 9929 . 
1 3 . La fon , L . , Germ O f f e n , 2 , 010 , 500 , (1969) Chem. 
A b s t . , 73 ( 1 9 7 0 ) , 120501 . 
91 
14. Naghski, J., Copley, M.J., and Couch, J.F., Science, 
105 (1947) 125; Schraufstalter E. and Deutsch, S., 
Z. Natur -ForsGh 41 (1949), 276. 
15. Gabor, M., and Epergessy, E., Nature Lond, 212 (1966), 
1273. 
16. Munden, J.E., Butterworth, D., Hanscowb, G., and 
Verrall, M.S., Appl. Microbiol, 19(1970) 718; Marchalli 
R, and Vining L.C., Chem. Commun, (1973), 555. 
17. Cutting, W.C, Drisbach, R.H. , and Neff, D.F., Stanford, 
Med. Bull., 7 (1949), 137; 9(1951), 236. 
18. Kupchan, S.M. , Siegel, C.W. , Know, J.R., and (J 
Udayamirthy, M.S., J. Org. Chem., 34 (1969), 1460. 
19. Kupchan, S.M., and Bauerschmidt, E., Phytochemistry, 
10(1971) 664. 
20. Komatsu, M., Tomimori, T., Hatakcyamo, K., and Katsuo, 
M., Jap. Pat. 7311, 931, 17 April, 1973; Chem. Abstr., 
79 (1973), 63637. 
21. Bakina, E.E., Rodina, V.S., Kinzburskii, V.N., & 
Kopytin, B.M., Vliyanie. Organizm, Fiz. Khim Faktarov 
Vnesh Sredy, Sb. Rab Meter Nauch Knof (1967) 57, edited 
by Isabeeva, V.A. Izd Kyrgyzstan, Frunze, USSR; Chem. 
Abstr., 70(1969) 54639. 
22. Jeney, E., Acta Physiol Budapest, 34 (1968), 193; Chem. 
Abstr, 71 (1969), 47839. 
23. Jeney, E., Kiserl, Orvostud, 20(1968) 514; Chem.Abstr, 
70 (1969) , 55878. 
24. Khadzhai, Y.I., Obolentseva, G.V., Litvinenko, V.I., 
Shraiber, M.S., and Levchenko, V.I., USSR, Pat.272, 
482(CI A 6IK), 3 June 1970. Appl. 26 April, 1968; Chem. 
Abstr., 73(1970), 123517. 
25a. Lea, C.H. and Swoboda, P.A.T., (1956), Chem.Ind.: 
1429; (1957) , 1073. 
b. Mehtta, A.C. and Seshadri, T.R. (1959) : J.Sci. Ind. 
Res. 188; 24. 
26. The Chemistry of flavonoid compounds (ed. Geissman, 
T.A.) Pergman Press, (1962). 
a p. 468, 513 
b p. 546, 583. 
92 
27. Geisman, T . A . , ( 1 9 6 3 , b ) i n c o m p r e h e n s i v e B i o c h e m i s t r y , 
V o l . 9 ( e d s . M . F l a r k i n and E.H. S t o t z ) , E l s e v i e r , 
London. 
28 . H a r b o r n e , J . B . , (1971) : P h y t o c h e m i s t r y , 1 0 : 4 7 2 . 
29 . F i n a r , I . L . , O r g a n i c c h e m i s t r y , Volume 2 f i f t h e d i t i o n 
(1975) (Longman) p a g e - 7 8 1 . 
30 . H a r b o r n e , J . B . , Mabry, T . J . , and Mabry, H . , (1975) : 
"The F l a v o n o i d s " , ( E d . ) , Academic P r e s s , New York, 
P a r t I . 
3 1 . P a s c a l R i b e ' r e a u - Gayon ( 1 9 7 2 ) : " P l a n t p h e n o l i c 
( E n g l i s h - T r a n s l a t i o n ) O l i v e r & Boyd. E d i n b e r g , p . 1 0 7 . 
32 . B o r i l l a n t , M . L . , Wol l enwebe r , E. and Chop in , J . 
(1971 a ) , e r . A c a d . S c i . , S e r . D . 2 7 2 : 1 6 2 9 . 
3 3 . Camarasa , J . , C a n i g u e r a l , S . , I g l e s i a s , J . , M a r i n , E . , 
P l a n t . , Med. P h y t o t h e r . , ( 1 9 8 2 ) , 1 6 ( 3 ) , 192 -196 . 
34. Z a k h a r o v a , 0 , 1 . , Z a k h a r o v , A.M., Smirnova , L . P . , 
Kovineva , V.M. , Kim. P r i r . S a e d i n , ( 1 9 8 3 ) , N o . 5 , 
6 4 5 - 6 4 6 . 
3 5 . Tomimori , T . , M i y a i c h i , Y . , tooto, Y . , K i z u , H . , 
Shoyakugaku Z a s s h i , ( 1 9 8 4 ) , 3 8 ( 3 ) , 2 4 9 - 2 5 2 . 
36 . B a r b e r a n , FAT., Henandez , L . , F e r r e r e s , F . , Tomas, F . , 
P l a n t a M e d . , ( 1 9 8 5 ) , No. 5 , 452-454 . 
37 . M i s k i , M. , V l u b e l e n , A . , Mabry, T . J . , P h y t o c h e m i s t r y , 
(1983) 2 2 ( 9 ) , 2 0 9 3 - 2 0 9 4 . 
38 . Dommisse, R . A . , Savona , G . , B u l l . S o c . C h i m . B e l g . , 
( 1 9 8 3 ) , 92(5) , 4 9 4 - 4 9 8 . 
39 . R o f i , R . D , , P o m i l i o , A . B . , P h y t o c h e m i s t r y , ( 1 9 8 5 ) , 
2 4 ( 9 ) , 2131-2132 . 
40. Chemesova, I . I . , B e l l e n o v s k a y a , L .M. , N a d e z h i n a , T . P . , 
Khim. P r i r . S o d e d i n , ( 1 9 8 3 ) , No. 3 , 385 -386 . 
4 1 . Tomimor i , T . , M i y a i c h i , Y . , Imoto , Y . , K i z u , H . , 
Tanabe , Y . , Yakugaku Z a s s h i , ( 1 9 8 4 ) , 1 0 4 ( 5 ) , 5 2 4 - 5 2 8 . 
4 2 . Tomimori , T . , M i y a i c h i , Y . , I m o t o , Y . , K i z u , H . , 
T a n a b e , Y . , Yakugaku Z a s s h i , ( 1 9 8 3 ) , 1 0 3 ( 6 ) , 6 0 7 - 6 1 1 . 
4 3 . R o b e r t , M . F . , Timmermann, B . N . , Mabry, T . J . , Brown, 
R . , M a l t i n , S . A . , P h y t o c h e m i s t r y , ( 1 9 8 4 ) , 2 3 ( 1 ) : 1 6 3 - 1 6 5 
93 
44. Liu, Y.L., Song, Wz., Ji Qy, Bai, Y.L., Acta. Pharma. 
Sin., (1984), 19(11), 830-835. 
45. Chen, C.C, Chen, Y.L., Chen, Y.P., Hsu, H.Y., Chem. 
Pharm. Bull., (1984), 32(1), 166-69. 
46. Lee, H.H., and Tan, C.H., (1965), J.Chem.Soc., 2743. 
4 7 . H a r b o r n e , J . B . , ( 1 9 6 7 ) : Compara t ive B i o c h e m i s t r y of 
f l a v o n o i d s ( E d . ) , Academic P r e s s , London. 
4 8 . Venka t a r aman , K, , (1972) : P h y t o c h e m i s t r y , 1 1 : 1 5 7 1 . 
49 . Norbedo , C , F e r r a r o , G. , C o u s s i o , J . D . , P h y t o c h e m i s t r y , 
1984 , 2 3 ( 1 1 ) , 2698-2700 . 
50 . Rao, E . V . , V e n k a t a r a t n a m , G. , V i l a i n , C , P h y t o c h e m i s t r y , 
1 9 8 5 , 2 4 ( 1 0 ) , 2427-2430 . 
5 1 . Rangaswami, S. and S a s t r y , B.V.R. (1955) : C u r r . S c i . , 
2 4 : 1 3 . 
5 2 . Pavanram, S .K. , and Row, L.R. ( 1 9 5 6 ) : Au t . J . C h e m . , 
9 : 1 3 2 . 
5 3 . K a n e t a , M., and Sugiyama, N . , ( 1 9 7 1 ) : J .Chem. Soc. (C) 
1982 . ..,, 
5 4 . I d e m . , ( 1 9 7 2 ) : B u l l . Chem. Soc . J a p a n , 4 5 : 5 2 8 . 
5 5 . J o h n s , S . R . , R u s s e l , J . H . , and H e f f e r n a n , M . L . , ( 1 9 6 5 ) , 
T e t r . L e t t . , 1987. 
56 . B i r d , A . E . , and M a r s h a l e , A . C . , ( 1 9 6 9 ) : J . C h e m . S o c . 
( C ) : 2 4 1 8 . 
57 . H a r b o r n e , J . B . , (1976 a) "Compara t ive c h e m i s t r y of 
F l a v o n o i d s " , Academic p r e s s , London. 
5 8 . H i s a m i c h i , S . , 1961 : Yakugaku Z a s s h i , 8 1 : 4 4 6 . 
5 9 . Wierraan, R . , (1968) : B e r . d t . b o t . G e s . , 8 1 : 3 . 
6 0 . Kapoor , R . , R i s h i , A . K . , Ata^ C.K. F i t o t e r a p i a , 1985, 
5 6 ( 5 ) , 2 9 6 - 2 9 7 . 
6 1 . M e r f o r t , I . , P l a n t a M e d . , 1985 , N o . 2 , 1 3 6 - 1 3 8 . 
62 . Wayner, H . , M a u r e r , G. , F a r k a s , L . , H a n s e l , R. and 
C h l e n d o r f , D . , (1971C) : Chem. B e r . , 1 0 4 : 2 3 8 1 . 
6 3 . L a s s a k , E . V . , and S o u t h w e l l , I . A . , ( 1 9 7 2 ) , Au t . 
J . C h e m . , 2 5 , 2517 . 
94 
6 4 . B r a z f i l h o , R . , and G o t t l i e b , O.R. , ( 1 9 7 1 ) , P h y t o -
c h e m i s t r y , 1 0 , 2 4 3 3 . 
65 . P e d e r i v a , R . , G i o r d e n o , O . S . , P h y t o c h e m i s t r y , ( 1 9 8 4 ) , 
2 3 ( 6 ) , 1 3 4 0 - 1 3 4 1 . 
66 . Bose , P.K. , ( 1 9 4 5 ) , J . I n d i a n Chem. S o c , 2 2 : 2 3 3 . 
67 . O e t t m e i e r , W. , and A. ( 1 9 7 2 ) : Z t ch . N e t u r f : 177. 
6 8 . Gupta , D . R . , Ahmad, B . , P h y t o c h e m i s t r y , ( 1 9 8 5 ) , 2 4 ( 4 ) , 
8 7 3 - 8 7 5 . 
69 . Sachdev , K . , K u l s h r e s h t h a , D .K . , P h y t o c h e m i s t r y , 1983 , 
2 2 , ( 5 ) , 1253-1256 . 
70. Kusum Sachdev and D i n e s h , K . K u l s h r e s h t h a , I n d . J . C h e m . 
S e c t . B ( 1 9 8 2 ) : 2 1 B ( 8 ) , 7 9 8 - 9 . 
7 1 . Mahesh, V . B . , and S e s h a d a r i , T . R . , ( 1 9 5 4 ) : J . S c i . I n d . 
Res . I n d i a , 13B, 8 3 5 . 
7 2 . W h a l l e y , W.B . , ( 1 9 5 6 ) : I n t h e c h e m i s t r y of v e g e t a b l e 
t a n n i n s A symposium, pp . 151-160 . S o c i e t y of 
l e a t h e r T rads C h e m i s t , Croydon . 
7 3 . W a l l e y , W.B. , ( 1 9 6 2 ) : I n t he c h e m i s t r y of F l a v o n o i d 
compounds ed . (T.A. Geissman, p p . 4 4 1 - 4 6 7 , Pergamon 
p r e s s , London. 
7 4 . C l a r k - L e w i s , J . W . , ( 1 9 6 2 ) : Rev. P u r e . A p p l . Chem., 12 , 
96 . 
7 5 . Dean, F .M. , (1963) : The C h e m i s t r y o f Oxygen H e t r o -
c y c l e s , B u t t e r w o r t h s , London. 
76 . E rd tman , H . , and P e l c h o w i c z , Z . , ( 1 9 5 6 ) : Chem. B e r , 
8 9 , 3 4 1 . 
77 . E rd tman , H . , P e l c h o w i e z , Z . , and T o p l i s s , J . G . , (1956) 
A c t a - C h e m . S c a n d . , 1 0 , 1 5 6 3 . 
7 8 . de O l i v e i r a , A . B . , Fonseca e s i l v £ and Gott P i e b , 
O .R . , ( 1 9 7 2 ) : P h y t o c h e m i s t r y , 1 1 : 3 5 1 5 . 
7 9 . de O l i v e i r a , A . B . , M o r e i r a , M.de L . C . , F o n s e c a e 
s i l v a , L . G . , G o t t l i e b , O.R. and de C a s t r o , C.R. (1970) 
An Acad. B r a s i l C i e n c . 4 2 ( S u p p l . ) , 109 . 
80 . Dhar , D . N . , S i n g h , R .K . , and M u n j a l , R . C . , ( 1 9 7 1 ) : 
Montash - Chem., 1 0 1 : 1 7 7 7 . 
8 1 . Khan, H.A. , C h a n d r a s e k h r a n , I . , Ghanim, A . , P h o t o -
c h e m i s t r y , ( 1 9 8 6 ) , 2 5 ( 3 ) , 7 6 7 - 7 6 8 . 
82 . S u l t a n a , S . , I l y a s , M. , P h y t o c h e m i s t r y , ( 1 9 8 6 ) , 
2 5 ( 4 ) , 9 6 3 - 9 6 4 . 
95 
8 3 . Rao, E . V . , V e n k a t a r a t n a m , G. , V i l a i n , C , ( 1 9 8 5 ) : 
P h y t o c h e m i s t r y , 2A(10) , 2427-2430 . 
8 4 . S h i n o d a , J . , and Uyeda, S . , ( 1 9 3 4 ) : Chem.Ber . , 
6 7 : 4 3 4 . 
85 . Garg , H . S . , Bhakun i , D . S . , ( 1 9 8 4 ) : P h y t o c h e m i s t r y , 
2 3 ( 9 ) , 2115 -2118 . 
8 6 . Wang, D . , ( 1 9 8 4 ) : Ac ta Pharm. S i n . , 4 4 1 - 4 4 4 . 
8 7 . A c h a r i , B . , Chowdhury, U . S . , D u t t a , P . K . , P a k r a s h i , S . C , 
P h y t o c h e m i s t r y , ( 1 9 8 4 ) , 2 3 ( 3 ) , 7 0 3 - 7 0 4 . 
8 8 . S r i v a s t a v a , S .K. , Gupta , H .O. , P l a n t a M e d . , ( 1 9 8 3 ) , 
48(1) , 5 8 - 5 9 . 
89 . F u j i m o t o , T . , Nomura, T. , P l a n t a M e d . , ( 1 9 8 5 ) , N o . 3 , 
1 9 0 - 1 9 3 . 
9 0 . "The F l a v o n o i d s " P a r t I , e d i t e d by J . B . H a r b o r n e , 
T . J . Mabry, Helga Mabry, Academic P r e s s I n c . , New 
York, 1975 , p . 5 8 1 . 
9 1 . Allan,R.D.. W e l l s , R . J . a n d M a c l e o d , J . K . , ( 1 9 7 3 ) : 
T e t r a h e d r o n - L e t t e r s , 7 . 
9 2 . Sarwat a i l tana & M . I l y a s . , I n d i a n . J . Chem. Vo l .25B(4 ) 
( 1 9 8 6 ) , p . 4 1 6 . 
9 3 . E rd tman , H . , ( 1 9 6 3 ) : i n "Chemica l p l a n t Taxonomy" 
( T . S w a i n e d . ) Academy P r e s s , p p . 1 0 6 - 1 1 0 . 
94 . Wong, E . , M o r t i m e r , P . I , , and Geissman, T . A . , ( 1 9 6 5 ) : 
P h y t o c h e m i s t r y , 4 : 8 9 . 
95 . Grande , M. , P i e r a , F . , C ue rc a A . , T o r r e s . P . , B e l l i d o , 
I . S . , P l a n t s Med. , ( 1 9 8 5 ) , N o . 5 , 4 1 4 - 4 1 9 . 
96 . F r e u d e n b e r g , K . , and Har tmann, L . , ( 1 9 5 4 ) : L i e b i g s 
Ann.Chem. , 5 8 7 : 2 0 7 . 
97 . Genna ro , A . , M e r l i n i , L . , and N a s i n i , G . , ( 1 9 7 2 ) : 
P h y t o c h e m i s t r y , 1 1 : 1 5 1 5 . 
9 8 . Zakushima, A . , Coskun, M., H i s a d a , S . , N i s h i b e . S . , 
P h y t o c h e m i s t r y , 1983 , 2 2 ( 7 ) , 1677 -1678 . 
99 . H a r b o r n e , J . B . , (1966 a ) : Phytochem. 5 : 1 1 1 . 
100. V e n k a t a Rao, E . , Ranga Ra ju , N . , ( 1 9 8 4 ) : Phytochem-
i s t r y , 2 3 ( 1 0 ) , 2339-2342 . 
96 
1 0 1 . G.D.E L a i r e , and F. Tiemann, B e r . 2 6 , 2 0 1 0 ( 1 9 8 3 ) . 
102. Agarwa l , V . K , , Thappa, R.K. , Aga rwa l , S .G. , Dhar , 
K . L . , P h y t o c h e m i s t r y , 1984, 2 3 ( 6 ) , 1 3 4 2 - 1 3 4 3 . 
103 . Agarwa l , V.K. Thappa, R .K. , Agarwa l , S .G . , Mehra , M.S. 
Dhar , K . L . , P h y t o c h e m i s t r y , 1984, 2 3 ( 1 1 ) , 2 7 0 3 - 2 7 0 4 . 
104. Shawl, A . S . , Vishwapaul Zaman, A . , K a l l a , A .K . , 
P h y t o c h e m i s t r y , 1984, 2 3 ( 1 0 ) , 2405 -2406 . 
105 . F e r r a r i , F . , B o t t a , B . , A lves de Lima, R. , M a r i n i 
B e t t o l o , G . B . , P h y t o c h e m i s t r y , 1984, 2 3 ( 3 ) , 7 0 8 - 7 0 9 . 
106. Hemming, O l l i s , Chem. & I n d . (London) , 1953 , 8 5 . 
107. B o r i s o v , M . I . , S e r b i n , A.G. and Komissa renko , N . F . 
(1972) : Khim. P r i r . S o e d i n , 8 , 2 8 1 . 
108 . Markham, K .R . , Mabry, T . J . and A v e r e t t , J . L . , (1972) 
P h y t o c h e m i s t r y , 1 1 , 1875 . 
109 . S e s h a d r i , T.R. and Vydeeswaran , S. (1972) : P h y t o -
c h e m i s t r y , 1 1 , 8 0 3 . 
110. L e b r e t o n , P . and Bouchez , M. ( 1 9 6 9 ) : C.C. Acad, S c i . 
P a r i s , 268D, 1661 . 
1 1 1 . Gupta , H . O . , S r i v a s t a v a , S.K. ( 1 9 8 5 ) : C u r r . S c i . , 
5 4 ( 1 2 ) , 5 7 0 - 5 7 1 . 
112. W a s h i n g t o n , J . S . , Saxena , V.K. ( 1 9 8 5 ) : J . I n s t . C h e m . , 
C a l c u t t a , 5 7 ( P t . I V ) , 1 5 3 - 1 5 5 . 
113 . Tamura, H, Kondo, T . , K a t o , Y . , Go to , T. ( 1 9 8 3 ) : 
T e t r a h e d r o n L e t t . , 2 4 ( 5 1 ) , 5 7 4 9 - 5 7 5 2 . 
114. B a r z , W., K o s t e r , J . , Z. N a t u r f o r s c h , 1985:40C 
( 7 , 8 ) , 4 6 9 - 4 7 3 . 
115 . Chauhan, J . S . , S a n t o s h Kumar C h a t u r v e d i , R . , 
P h y t o c h e m i s t r y , 1984, 2 3 ( 1 0 ) , 2 4 0 4 - 2 4 0 5 . 
116. De Rosa , S . , De S l e f a n o , S . , P h y t o c h e m i s t r y , 1983 , 
2 2 ( 1 0 ) , 2 3 2 3 - 2 3 2 4 . 
117 . S i n g h , M,, S i n g h , J . , ( 1 9 8 5 ) : Z . N a t u r f o r s c h , 4 0 B ( 4 ) , 
5 5 0 - 5 2 . 
118 . Zapesochnaya , G.G, , Tyukavk ina , N . A . , S h e r v a s h i d z e , 
I . V . , K h i m . P r i r . S o e d i n . , 1982, No. 2 , 1 7 6 - 1 8 0 . 
119 . J a i n A . , S r i v a s t a v a , S .K. , C u r r . S c i . 1984 , 5 3 ( 2 1 ) , 
1138 -1140 . 
120. Y a h a r a , S . , N i s h i o k a , I . , P h y t o c h e m i s t r y , 1984 ,23 
( 9 ) , 2 1 0 8 - 2 1 0 9 . 
97 
1 2 1 . Chauhan, J . S . , C h a t u r v e d i , R . , S a n t o s h Kumar, I n d i a n 
J . C h e m i s t r y , 1985, 2 4 B ( 2 ) , 219. 
122. M a l h o t r a , S . , M i s r a , K. : P l a n t a M e d . , 1983 , 4 7 ( 1 ) , 
46 -43 
123 . Lu Yz, Wang, YL, Lou ^x , Zu J y , L i a n g , H .Q . , Zhou 
Z . L . , A c t a . P h a r m a . S i n . , 1983 , 1 8 ( 3 ) , 199 -202 . 
124. Chauhan, J . S . , S a n t o s h Kumar, C h a t u r v e d i , R. , P l a n t a 
Med. , 1984, 5 0 ( 1 ) , 1 1 3 . 
125 . S e r v e t t a z 0 . , Colombo, M.L . , De B e r n a r d i M., U b e r t i , E . , 
V i d a r i , G. V i t a - F i n z i , P . , J . N a t . P r o d . , 1984, 4 7 ( 5 ) , 
8 0 9 - 8 1 4 . 
126. Rao, J . U . M . , Hanumaiah, T . , Rao, K . V . J . , I n d i a n 
J . C h e m . , 1984 , 2 3 B ( 1 ) , 9 1 . 
127. R o s i e r , K .H.A. , Goodwin, R . S . , Mabry, T . J . , Varma, 
S . D . , N o r r i s , J . , J . N a t . P r o d . , 1984, 4" / (2 ) , 3 1 6 - 3 1 9 . 
128 . L o b s t e i n - G u t h , A . , Anton , R. , P h y t o c h e m i s t r y , 1986, 
2 5 ( 3 ) , 7 / 0 - 7 7 1 . 
129 . Woo Ws, C h o i , J . S . , Kang, S . S . , P h y t o c h e m i s t r y , 
1 9 8 3 , 2 2 ( 1 2 ) , 2 8 8 1 - 2 8 8 2 . 
130. H i l l e r , K . , J o h n e r t , W., H a b i s c h , D . , P h a r m a z i e , 1984, 
3 9 ( 1 ) , 5 1 - 5 3 . 
1 3 1 . Waage,S.K. ,Hedin, P.A. , Phy tochemis t ry , 1985, 24(2) , 
243-245. 
132. Haiiburger, M., (3upta, M., Hostettmann, K., Phytochemistry, 
1985, 24(11), 2689-2692. 
133 . Nawwar, M.A.M., I s h a k , M.S. M i c h a e l , H .N . , B u d d r u s , J . , 
P h y t o c h e m i s t r y , 1984 , 2 3 ( 9 ) , 2 1 1 0 - 2 1 1 1 . 
134 . Rose , S.A. , J . Na t . P r o d . , 19e4 , 4 7 ( - ! ) , 8 6 2 - 8 6 4 . 
1 3 5 . S a g a r e i s h v i l i , T . G . , A l a n i y a , M.D., K o m e r t e l i d z e , 
E . P . , Khim. P r i r , S o e d i n , 1983 , No. 3 , 2 8 9 - 2 9 3 . 
136. Z a p e s o c h n a y a , G.G , K u r k i n , V . A . , Khim P r i r , Soed in , 
1983 , No. 1 , 2 3 - 3 2 . 
137. Nawwar, M.A.M., E l - S i s s i , H . I . , B a r k a t , H.H. , 
P h y t o c h e m i s t r y , 1984, 2 3 ( 1 2 ) , 2937 -2939 . 
138 . M i t r a , J . , J o s h i , T . , P h y t o c h e m i s t r y , 1983 , 2 2 ( 1 0 ) , 
2 3 2 6 - 2 3 2 7 . 
98 
139 . B h a t t , S .K. , S t h a p a k , J . K . , S i n g h , K.V. , F i t o t e r a p i a , 
1984, 55(6) , 3 7 0 - 7 1 . 
140. S e s h a d r i , T.R. (1962) : i n "The Chemis t ry of F l a v o n o i d 
Compounds" ( ed , T.A. Geisman) Pergamon P r e s s , New York, 
p . 6 . 
1 4 1 . B h u t a n i , S . P . , C h i b b e r , S .S . and S e s h a d r i , T.R. 
( 1 9 6 9 , b ) , P h y t o c h e m i s t r y , S : 2 9 9 . 
142 . S e i k e l , M.K. ( 1 9 6 4 ) , i n " B i o c h e m i s t r y of P h e n o l i c 
Compounds" ( e d . J . B . Ha rbo rne ) Academic P r e s s , London 
and New York, p . 37 . 
1 4 3 . Mabry, T . J . , Markham, K.R. and Thomas, M.B. (1970) 
"The S y s t e m a t i c i d e n t i f i c a t i o n of F l a v o n o i d s " , S p r i n g e r -
V e r l a g , B e r l i n . 
144. J i r a c e k , V. and P r o c h a z k a , Z. (1963) i n " P a p e r 
Chromatography" ( e d s . I .M. Ha is and M.Macek) Academic 
P r e s s , New York, p p . 25 4 - 2 7 1 . 
145 . S t a h l , E. and Mangold, H.K. (1967) i n "Chromatography" 
( e d . E. Heftmann) R e i n h o l d P u b l i s h i n g C o . , New York, 
p . 165 . 
146 . S t a h l , E . (1969) " T h i n - L a y e r Chromatography - A 
L a b o r a t o r y Hand Book". 2nd Ed. S p r i n g e r - V e r l a g , B e r l i n . 
147 . N o r d s t o r m , C.G. a n d K r o n e l d , T . ( 1 9 7 2 ) A c t a Chem.Scand. 
26:22 3 7 . 
148 . C h a r a l m b o u s , G. , B r u c k n e r , K . J . , Hardwick , W.A. and 
L i n n e b a c h , A . ( 1 9 7 3 ) , M a s t e r Brewers A s s o c i a t i o n of 
Amer i ca , T e c h n i c a l - C J u a r t e r l y , 1 0 ( 2 ) : 74 . 
149 . J u r d , L. and H o r o w i t z , R.M. ( 1 9 5 7 ) : J . O r g . C h e m . 22 :1618 
150. J u r d , L . ( 1 9 5 6 ) : Arch . Biochem. B i o p h y s . 6 3 : 3 7 6 . 
1 5 1 . H o r o w i t z , R.M. (1957) J .Am. Chem. S o c . : 6 5 6 1 . 
152 . Wagner (1964) i n "Methods i n P o l y p h e n o l C h e m i s t r y " (ed . 
J . B . P r i d h a n ) . Pergamon P r e s s , Oxfo rd . 
1 5 3 . L e b r e t o n , P. ( 1 9 6 2 ) : C o n t r i b u t i o n ' a l ' e t u d e de 
f l a v o n o i d s chez Humulus L. e t a u t r e s U r t i c a l e s . 
T h e ' s e S c i e n c e s n a t u r e l l e s , Lyon. 
154. Looke r , J . H . and W a l t e r , Rahman, W.(19t)2) : J . O r g . 
Chem. 2 7 : 3 8 1 . 
155 . W a i s s , J r . A . C . , L u d i n , R.E. and S t e r n , D . J . ( 1 9 6 4 ) 
T e t r . L e t t . 1 0 : 5 1 3 . 
99 
156. Murti, V.V.S., Raman, P.V. and Seshadri, T.R.(a) (1967) 
Tetrahedron, 23:397; (b) (1964) Tetr. Lett. 40:2995. 
157. Chen, F.C. Lin, Y.M. and Hung, J.C. (1975) : Phyto-
chemistry, 14:818. 
158. Rodrignez, E., Carman, N. and Masbry, T.J. (1972,b) 
Phytochemistry 11:409. 
159. Okigawa, M., Kawano, M., Rahman, W. and Dhar, M.M.(1972) 
Tetr, Lett: 40:4125. 
160. Anet, F.A.L. and Bourn, A.J.R. (1965) J.Am. Chem. Soc. 
87:5250 
161. Ternai, B. and Markham, K.R. (1970) Tetrahedron 
32: 565, 260. 
162. Maby, T.J., Markham, K.R. and Thoman, M.B. (1970) 
"The systematic Identification of Flavonoids" 
Springer-Verlag, Berlin. 
163. Wilson, R.G., Bowie, J.H. and Williams, D.H. (1968) 
Tetrahedron, 24: 1402. 
164. Wilson, R.G. and Williams, D.H. (1968) J.Chem.Soc. 
(C): 2477. "' 
165. Hosozawa, S. , Kato, N. and Mxmakata, K. (1972): 
Phytochemistry, 11:2362. 
166. Seaman, F., Rodriguez, E., Carman, N.J. and Marby, 
T.J. (1972): Phytochemistry, 11:2626. 
167. Drews, S.E. (1974) "Progress in Mass spectrometry" 
(eds. Budzikiewicz,H.) verlag chemie Weinheim 
Bergstr. Chroman and Related Compounds. Vol. 2. 
168. Schmid, R.D. (1972): Tetrahedron, 28:3259. 
169. Schmid, R.D., Vernne, P. and Paris, R. (1972), 
Tetrahedron, 28: 5037. 
170. Seligmann, 0. and Wagner, H.(1975) "Topics in 
Flavonoid chemistry and Biochemistry (eds. L.Farker, 
M.Gabor, F.Kallay) Akademiai Kiado, Budapest. 
171. Wagner, H., Seligmann, 0. (1973): Tetrahedron 29:3029. 
172. Beckey, H.D. and Schulten, H.R. (1975):Angew.Chem., 
87:425. 
173. Beckey, H.D. (1971) "Field Ionization Mass Sepctrometry" 
Pergamon Press. 
100 
174. Foltz, R.L. (1972) Loydia: 344. 
175. Karchesy, J.J., Loveland, P.M., Laver, M.L., 
Barofsky, D.F. and Barofsky, E.(1976): Phytochem. 
15:209. 
176. Pelter, A., Stainton, P. and Barber, M. (1965) 
J.Heterocyclic Chem. 2:262. 
177. Barnes, C.S. and Occolowitz, J.L. (1964) : 
Australian J. Chem. 17:975. 
178. Dreyer, D.L. and Bertelli, D.J. (1967) Tetrahedron 
23:4607. 
179. Bowie, J.H. and Cameron, D.W. (1966), Australian 
J. Chem. 19:1627. 
180. Prox, A. (1968): Tetrahedron 24 : 3697. 
181. Audier, H.(1966), Bull.Soc. Chem. France: 2892. 
182. Itagaki,Y., Kurokawa, T., Sasaki, S., Chang, C.T. and 
183. Sasaki, S., Itagaki, Y., Kurokawa, T., Watanabe, E. 
and Aoyama, T. (1966) : J.Mass Spect. Japan 14:82. 
184. Drewes, S.E. and Ilsley, A.H. (1968), Chem. Commun., 
1246. 
185. Bohm, B.A. (1968) : Phytochemistry 7:1687. 
186. Pelter, A. and Stainton, P. (1967) : J.Chem.Soc. 
C. : 1933. 
187. Clark-Lewis, J.W. (1968), Australian J.Chem. 21:3025 
188. Donnelly, D.M.X., Melody, D.P. and Philbin, E.M. 
(1967):Tetr. Lett. : 1023. 
189. J.K. Maheshwari, The flora of Delhi; C.S.I.R. 
Page 57; 1963. 
190. Anders Kjaer, Josef conti and Ivan Larsen Ibid. 
1276-83. C.A. Vol 49, 5303 a, 1955. 
191. G.A. Fester, J.A. Retamar, A.I.A. Ricciardi and 
L.Romero Fonseca, Rev. fac. Ing. quim Univ, 
Nacl. Litoral, Santa Fe Arg; 28, 9-17 (1959) 
CA 51, 7658 f). 
192. Siddiqui, S.F., Ahmad, Sherwani, M.R.K., Ahmad, 
F; Osman, S.M.; Oil Technol Assoc. India 
1983, 15(2) 23-4(Eng). 
101 
193. Kapoor, L.D. et al Lloydia 35 (3):288-295; 1972. 
194. S.J. Smolensk!, H.Silinis and N.R. Farns worth, 
Lloydia 37(3) 506 - 536 (1974). 
195. Wealth of India, Raw materials, Vol III (C.S.I.R., 
New Delhi) 1952, 97-Vol IX, 227. 
196. Chopra, R.N; Chopra I.C; Handa, K.L.; and Kapur 
L.D; Indigenous drugs of India (U.N. Dhur and Sons 
Calcutta). 1958, 523. 
197.= Rao V.K.J. Indian Chem. Soc. 39(1962) 561. 
198. Parihar D.B. and Dutt S. Proc. Indian Acad Sci. 
26, A. (1947) 56. 
199. Kotake M and Kuwata K.J.Chem. Soc Japan 57 (1936) 
838. 
200. Sach Dev K., Kulshreshtha D.K. Planta Med., 1984. 
50(5) 448-449. 
201. Chemical Investigation of Medicinal Plants and 
related products, Ph.D. thesis, Saghir Ahmed, 1986, 
(Guide - M.S.Y. Khan) Meerut University, Meerut. 
202<. Ramchandran Nair A.G. and Subramanium S S Indian 
J. Chem. 13 (1975) 639-640. 
203. Drers. D.L., Rev Latinoan Quim. 9 (1978) 97. 
204. Dominguez XA. Franco, Rl Cano. C. G; Chavez C. 
Noel Rev. Latinoam Quim 1980 11 (3-4) 150-1 (Span). 
205. Sach Dev K., Kulshreshtha D.K. Phytochemistry 1986, 
25 (8) 1967-1969. 
206. Edeards, M.V. and Badwas, R.L., India Forest Records, 
P. 151 Govt, of India Press Simla (1952). 
207. Sastry K.N.S. and Najnidamma Y, Leather Science, 
Madras 1966, 13(6), 174. 
208. Chemical Examination of Indigenous Medicinal Plants. 
Ph.D. Thesis. A Azam, 1982, (Guide M.S.Y. Khan) 
Aligarh Muslim University, Aligarh. 
209. Dimbi M.Z. Warin R, Delaude C, Huls R. Kapundu M, 
Lami N, Bull, Soc, Chim Belg, 1985, 141-148. 
210. Hildebert Wagner, Christine Ludwig, Lulz Grotjahn and 
Mohd. S.Y. Khan Phytochemistry Vol. No. 3 P.P. 697-701 
(1987). 
211. Khan M.S.Y. current Science 36, 206(1967). 
